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»TORY SAFETY PRACTICES 



I INTRODUCTION 

A Safe Use. Handling and Storage of Chemicals 

1 Chemicals in any form can be safely 
stored, tv'indled. and used if their 
hazardous physical and chemical 
properties are fully understood and the 
necessary precautions, including the 
use of proper safeguards and personal 
protective equipment are observed. 

2 The management of every unit within a 
mantifacturing establlsl^ent must give 
wholehearted support to a well integrated 
safety poUcy* 

B General Rules for Laboratory Safety ' ^ 

1 Supervisory personnel should think 
"safety. ** Their attitude tow'ard fire 

and safety standard practices is reflected 
in the behavior of their entire staff. 

2 A safety program is only as strong as 
the worker's will to do the correct 
things at the right time. 

3 The fundamental weakness of most 
safety programs lies in too much lip 
service to safety rules and not enough 
action in putting them into practice. 

4 Safety pr&ctices slibol^e practical and 
enforceable. 



3 Stairways enclosed with bricK or 
concrete walls 

^ Laboratories should liave adequate exit 
•ioors to permit quick, safe escape in 
an emergency and to protect the 
occupants from fires or accidents in 
adjoining. rooms. Each room should be 
checked to make sure there is no 
chance of a person being trapped by 
fire« explosions, or release of dangerous 
gases. 

S Laboratory rooms in which most '>f the 
work is carried out with flammabie 
liquids or gases should be provided 
with explosion-venting windows. 

B' Arrangement of Furniture and Equip^nent 

1 Furniture should be arranged for 
maximum utilization of available space 
and should provide w,grking conditions 
that ar« efficient and safe. 

2 ALsles between ^.-enche.^ should be at 
least 4 feet wide to provide adequate 
room for passage of personnel and 
equipment. 

3 Desks should be iS'oLated from benches 
or a'dequately protected. 

4 Every laboratory should have an eye- 
wash station and a safety shower. 



S Accident prevention is based on certain 
common standards of education, training 
of personnel and provision of safeguards 
against accidents. 



B LABORATORY DESIGN AND EQUIPM 
A Type of Construction 

1 Fire-resistant or noncombustible 



2 Multiple story buildings should have 
adequate means of exit* 



C Hoods and VentllAiion 

} Adequate hood facilities should be 
installed where work with highly toxic 
or highly flammable materials are used. 

2 Hoods should be ventilated separately 
and the exhaust should be terminated 

. .at a safe distance from the buijding. 

3 Make-up air should be supplied to 
rooms or to hoods to replace the 
quantity of air exhausted through the 
hoods. 
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4 Muoti Vfniil;uion riysieiiis are bciii , 

ciesigned lo iv^vv an air ilovs of not les/S ' 
lhan 60 linear fe^i ptM* minuii? across 
Ihc lat:v of the (lood, with all doors op^n 
and 150, if toxit: materials are involved. 

Kxhaust fans shoulq be spark-proof if 
ttxhausting flammable vapors and 
corrosive resistant if.handling corrosive 
fu«nes. 

0 Controls for all services should be 
located at the front of the hood and 
should be operable uhen the hood door 
is clos«>d. 

7 All laboratory- rooms shouikl have the 
air changed coniinuously at a rate 
depending on the niaterials beirig 
handled. 

D Electrical Services 

1 Electrical outlets should be placed 
outside of hoods to afford easy access 
and thus protect them from spills and 
corrosion by gases. 

2 Noninterchangeable plugs should be 
provided for multiple 'electrical services. 



4 Cylinders of compressed or liquifii.-d 
gases should noi be stored iri the 
labf "atory. 



F Hous ^keeping 



1 Houswkeeping plays an important role 
in reducing ihe frequency of laboratory 
acci dents. Kooms should be kept in a 
neat orderly condition. Floors, shelves, 
and tables should be kept free from 

dirt and from all apparatus, and chemi- 
cals not in use. 

2 A cluttered laboratory is a dangerous 
place to work. Maintenance of a clean 
and orderly work space ia indicative of 
interest, personal pride, anr^ safety- 
mindedness. 



3 Passageways should be kept rlear to all > 
building exits and stairways. 

4 Metal containers'should be provided for 
the disposal of broken glassware and ^ 
should be properly labeled. 

5 Separate approved waste disposal cans, 
should be provided for the disposal of 
waste cheiA^icals. 



3 Adequate outlets should be provided and 
should be of the thrc-e-pole type to 
provide for adequate grounding, 

E Storage 

1 Laboratories should provide for adequate 
storage space for mechsnical eq,uipment 
and glassware which will be used 
regularly. 

2 Flammable? solvents should not be stored 
in glass bottles over one liter in size. 
Large quantities should be stored in 
metal safety cans. QuantlUt*^ requiring 
containers larger than one gallon should 
be stored outside the laboratory, 

3 Explosion proof refrigerators should be 
used for the storag3 ol highly volatile 
and flammable solvents. 



a Flammable liquids not mlscible with 
water and corrosive materials, or 
compounds which are likely to give off 
toxic vapors should neve/ be poured 
into the sink. 

G* Fire Protection 

1 Laboratory personnel should be 
adequately trained regarding pertinent 
fire hazards associated with their work. 

2 Personnel should know rules of fire 
prevention and methods of combating 

■ fires. 

3 Fire extinguishers ilCOg type) should 
be provided at convenient locations and 
personnel should be Instructed in their 
use'. 

4 Automatic sprinkler systems are 
effective for the control of fires in 
chemical laborntorles. 
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Laboratory Safety Practicca 



H Alarms 

1 An approved fire alarm system should 
be provided. 

\ 

2 WTierever a hazard of accidentaiSrelcase 
of toxic gases exists, a gas alarm 
system to warn occupants to evacuate 
the building should be provided. 

3 Gas masks of oxygen or compressed air 
type should be located near exits and 
selected personnel trained to use them. 



m HANDUNG GLASSWARE 
A Receiving, Inspection and Storage 

1 Packages containing glassware tihould 
be opened and inspected for cracked or 
nicked pieces, pieces with flav/s that 

^may become cracked in use, a^d badly 
shaped pieces, 

2 ' Glassware should be stored on well- 

■ . > lighted stockroom shelves designed and 
having a copipg of stifficlent height 
around the edges to prevent the pieces 
from falling off. <^ip' 

B Laboratory Practice 

1 ' Select glassware that Is designed for the 

type of work planned, « 

2 To cut glass tubing or a rod, make a ^ 
straight clean cut with a cutter or file 

at the point where the piece Is to be • . 
severed. Place a towel over the piece ' 
to protect the hands and fingers, then 
break away from the body. 

3 ^ Large size tubing is cut by means of a 
hrated nlchrome wire looped around the 
piece at the point of severance. 

4 When It Is necessary to Insert a piece 
of glass tubing or a rod through a 
perforated rubber or cork stopper, 
seleci the correct bore au that the 
Insertion can be made without excessive 
strain. 



5 Use electric mantels for leating 
distillation apparatus, etc. 

6 To remove glass splinters, use a 
whisk broom and a dustpan. Very 
small pieces can be picked up with a 
large piece of wet cotton. 



r.' GASES AND FLAMMABLE SOLVENTS 
A Gas Cylinders 

1 Large cylinders roust be securely 
faster'>d so that they cariiot be dis- 
lodged or tipped la any direction. 

2 Connections, gauges, regulators or 
fittings used with other cylinders must 
not be interchanged with oxygen 

« cylinder fittings because of the possi- 
bility of fire or explosion from a 
reactlcn between oxygen and residual 
oU,'in the fitting. 

3 Return empty cylinders promptly with 
protective caps replaced. 

B Flammable Solvents ^ > 

1 Store in designated areas well 
ventilated. 

2 Flash point of a liquld ls the temperature 
at which it gives off vapor sufficient to 
form an Ignitible mixture with the air 
near the surface of the liquid or within 
the vessel used. 

3 Ignition temperature < f a substance Is 
the minimum temperature required to 
Initiate or cause self-sustained com- 
bustion Independently of the heating or 
heated element. 

^ Explosive or flammable limits . For 
most flonimable liquids, gases and 
"^solids there is a minimum concentration 
of vapor In air or oxygen below which 
propagation of flame does not occur on 
contact *rlth a source of igz.ltlon. 
There Is also a maximum proportion of 
vapor- or .gas in air above which 
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|.roj>ji;jiioi: oi flamu dot-s not occur, 
i h-'M«- limit iiiixtuffij ol' viipor or t;js 

•Aiih air, whirh ii lynitt^d will jusi 

propu>43if :l.'inn-, :ire known as ihu 
'lowtT and higher fxplonivt.' ^r flammabK- 

hrniis. " 

r» Explosi ve Hantjc- . The- difference 

Ijfiwft-n the- lowt-r and higher explosive- 
or flammable liinits, expressed in 
termij of pt* rcentagt* of vapor or gas in 
;iir by volume is known as ihe "explosive 
range. " 

G Vapor Densixy is ihe relative density 
of the vapor as compared with air.. 

7 1 1 n d e r w r ixe r^s_ Ij^£at g rie s Clas sificat ion 
is a standard classification for" grading 
Ihe relative hazard of the various 
flammable liquids. This classification 

Is based on the following Scaler 

.Ether Class loo 

Gasoline Class 90 - 100 

Alcohol (ethyl) Class 60 - 70 

Kerosene Class 30 - 40 

Paraffin Oil Class 10 - 20 

8 Extinguishing agents 



V PIEMICAL IIAZAHDS 
A Acids and Alkalies 

1 Some of the most hazardous chemicals 
art the "stro.ig" or "mineral" acids 
such as hydrochloric, hydrofluoric, 
sulfuric and nitric. 

2 Organic acids are less hazardous 
because of their comparatively low 
ionization potentials. However, such 
acids as phenol (carbolic acid), 

. hydrocyanic and oxalic are extremely 
hazardous because of their toxic 
properties. 

3 Classification of acids 



H 0>:idizing Materials 

1 Such oxidizinw agents as chlorates, 
otfroxides, perchlorates and per chloric 
ac id, in tuniaut with organic matter 
can cause explosions anti iin:. 

'■• 2 Th*;y are exothermic and decompose 

rapidly, liberating oxygen which reacts 
with organic compounds. 

■i Typical hazarcious oxidizLig agents are: ^ 

Chloriiie Dioxide 
Sodium Chlorate 
Potassium Chromate 
Chromium Trioxide 
Perchloric A cid 

C Explosive Power 

1 Many chemicals are explosive or form 
compounds tiiat are explosive and 
should be treated 'accordingly. 

2 A few of the more common examples* 

of this class of hazardous materials arei 

A cetylides 
Silver Fulminate 
Peroxides 
Peracetic Acid 

N it ro^ ly c e r in e * 

Picric Acid 

Chlorine and Ethylene 

Soditun Metal 

Calcium Carbide 

D Toxicity 

1 l-aboratory chemicals improperly 
stored or handled can cause injury to 
personnel by virtue of their toxicity. 

2 Types of exposure . There are four 
types of exposure to chemicals: 

a Contact with the skin and eyes 

^ b Inhalation 

c Swallowing 

d Injection 
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PRECAUTIONAKY MEASURES 

Clothing and Personal Protective Equlpmc.it 

1 'Chemical laboratories should have 
special protective clothing and equipment 
readily available for emergency use and 
for secondary protection of personnel 
working wUh hazardous materials. ^ 

2 Equipment should be provided for adequate: 

a Eye protection 

b Body protection 

c Respiratory protection 

d Foot protection 

e H«*Jid protection 

Bodily Injury 

1 Burns, eye injur les« and poisoning are 
the injuries with which laboratory 
people must be most concerned. 



2 First emphasis in the laboratory 
should be on preventing accidents. ' 
This means obiierving all recognized^ 
safe practices using necessary personal 
protective equipment and exercising 
proper control over poisonous sub- 
standes at the source of exposure. ' 

3 fSo that a physician can be summoned 

promptly, every laboratory should have 
posted the names, telephone numbers, 
and addresses of doctors to be called 
in an emergency requiring medical care. 

REFERENCES , ' ^- . 

Guide for Safety in the Chemi»^l Laboratory, 
the General Safety Committee of the 
Manufacturing Chemists Association, Inc., 
-Van Npstrand, New York (1954). 



This outline was prepared by Paul F. Hallbach, 
Chemist* National Training and Operational 
^ Technology Center, MOTD. OWPO. USEPA. 
Cincinnati. Ohio 45268 



Descriptors: Safety. Laboratory, Practices 
Safety, Laboratory Design Chemical Storage, 
Gas Cylinders, Flammable Solvents 



METHODOLOGY FOR CHEMICAL ANALYSIS OF WATER AND WASTEWATER 



I INTRODUCTION 

This outline deals ivith cliemical methods which 
are colnmonly performed in water quality 
laboratories. Although a large number of 
constii\£nta or properties may be of interest 
to the anal||^t, many of the methods employed 
to measure them are based on the same 
.mal>rtical principles. The purpose of this 
outline is to Acquaint you with the principles 
involved in commonly-used chemical methods 
to determine water quality. 



II PRE-TREATMENTS 



A pH Meters . ' 

pH (hydrogen ion. concentration) is meas- 
ured as a difference in potential across a 
gyasB membrane which is in contact with !. 
the sample and with a reference solution. 
The sensor apparatus might be combined 
into one probe or else it is divided into an 
indicating electrode (for the sample) and a 
•reference electrode (for tlie reference 
solution). Before using, the meter must 
be calibrate<^ with a solution of known pH 
(a'buffer) and then checked for proper 
operation with a buffer of a diff 'ent pH 
value. 



For some parameters, a preliminary treatment 
is required before the analysis begins. These 
treatments serve various purposes. 

^ Distillation - To isolate the ccnstituent'^by 
heating.a portion of the sample mixture to 
separate the more volatile partfs)^ and then 
cooling and condensing the resulting vapoHs) 
to recover the volatilized portion. 

B Extraction - To isolate/ concentrate the 
constituent by shaking a portion of the 
sample mixture with an immiscible so'ivent 
in which the constituent is much more 
soluble. 

C . Filtration - To separate undissolved matter 
from a sample mixture by passing a portion 
of it through a fUter of specified size. 
Particles that are dissolved in the original 
mixture are so small that they stay In the 
sample solution and pass through the filter. 

D Digestion - To change constituents to a form 
amenable to the specified test by heating a 
portion of the sample mixture with chemicals. 



B - Dissolved Oxygen Meters 

Dissolved oxygeif meters measure the 
production of a current which is proportic^al 
to the amount of oxygen gas reduced at a 
cathode in the apparatus. The oxygen gas - 
enters the electrode through a membrane, 
- and an electrolyte solution or gel acts as a, 
transfer and reaction n[iedia. Prior to use 
the meter must be calibraL* against a known 
oxygen gas concentration. 

C Conductivity Meters 

Specific conductance is measured with a 
meter containing a Wheatstone bridge which 
measures the resistance of the sample 
solution to the transmission of an electric 
current. The meter and cell are calibrated 
according to the conductance of a standard 
solution of potassium chloride at izS^'C, 
measured by a "standard" cell wi*h electrodes 
one cm square spaced one cm apart* This 
is why results are called "specific" con- 
ductance. 

D Turbidimete!t>s 



III METERS 

For some parameters, meters have been 
designed tc measure that specific constituent 
or property. 



A turbidimeter compares the intensity of 
light scattered by' particles in the sample - 
under deflned conditions with the intensity 
of light scattered by a standard reference 
suspension. 
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iV Ai'jA Afu u r...i:i.::i M «t >U!:.S 



Just as_thc cunventlonal ^^lass tlectrude 
for pll develops an eltrtricai ;>ptential ii. 
r«?sponse to the activity of hydrotien ion 
m solution, the specifi;:- ion't-lfi trode • 
d^^velops an electric. potential .in response 
to the activity of th<* ir. n fk>r which Uit? electrode 
is specific. The potential and activity are 
related according to the Nernst equati6n: 
Sglmple :^nal>rtical techniques can be a^iplied 
to convert activity to an eiTpressiop of con- 
centration. 

These. electrodes are yecd with s pll meter 
v'ith an expantJetTinV sral6 or with a sijeclfic 
, ion Ineter.. Two e:ia/iiules are the ammonia 
arid fluoride electrodes. ' ' 



A Ammonia , • - •. 

The ammonia electrode uses a iv^rophobic' 
gas-permeable membraiie to separate the 
sample -so luUen from an ammonium chloride- 
internal solution. Ammonia in the sample 
diffuses through the membrane and alters 
the pll of the internal aplution.- vhich is. 
sensed by a pH electrode.* The wonsUnt 
level of chloride in the internal golutiQn'is 
sensed by a chloride selective ion electrode 
which acts as the reference electrode. 

B Fluoride *. 

The fUjcridj electrode consists of a lanthanum 
fluoride crysUl across which a potential is 
developed by fluoride ions, rhe cell may be 
represented by Ag/Ag Cl. CI (0. f" 0. 00!) 
LaFAest solution/SCE/. It is used in con- 
junction with 3 st:indard single juncUon 
i^eference electrode. 



V GENERAL. ANALYTICAL METHODS 
A Volumetric Analysis 

Titrations involve using a buret to measure 
the vo)ume of a standard solution of a sub-, 
stance required to completely react with 
the constituent of interest in a' measurec 
volume of sample. One' can then calculate 
the original concentration of the constituent 
of interest. ^ 

There are vannu.s Aays t'> Me^ect the end 
point when tlic rf-attinn is - oin|«lr>te. 



Tile njethod inay utilize an indicator which 
.changes color when the reaction'*is 
VonTpletf. f>or example, in the ^Chemical 
Oxygen IJcniand Te^t the indicator, 
ferroin. . gives a bluc-grfen coToi'to the 
mixture until' the oxidation -rt-duction 
reaction is ooniplett. Thfn th^^ mixture 
is "rtddiah-brown. 

Seyeral of these cnloc-change titrations 
make use of the iodometric process 
whereby tlie constituent of interest quan- 
titatively release? free iodine. SUrch 
is added to give'a blue color until enough 
• redocing agent {sodium. thiosulfate o- 
. phenylarsine oxide) is added to react 
witli^.U the iodine. At this end point, r 
the mixture becomes colorless. \ 

2 Electrical property indicators 

Anotlier way to' detect end points is a 
change in an electrical projierty of tht- 
solution when the reaction -is complete- 
In the chlorine titration a cell containing 
potassi«im chloride will produce'^ sfnall 
direct current as long as free chlorine. - ■ 
is present: As a reducing agent (phen-. . 
ylarsine oxide) is added to reduce 
the zhlorin^. the microammeter whtch ' 
Measures t^e exiSling direct current 
jegisters a-l6wer reading on a scale-. * ' 
b.v observing the scale, the end point of 
total l eriuctinn of chlorine can be 
determined'because the direct current 
ceases. 

1 Specified end points 

For acidity and alkalinity titrations, the 
end points are specified pll values for 
the final mixture. The pH values are 
. those existing when-common acidity or 
' alkalinity components hav^een -neutral- • 
ized. Thus acidity is determined by ^ 
titrating the sample with a standard 
alkali to pU 8. 2 when cu-bonic acid ' 
would be neutralized to (cO,)= . Alka- 
linity (except for highly acidic samples) 
IS determined by titr ating the sample 
with a standa.^H acid to pIL4-5 when the 
carbonate present has been converted- 
to carbonic: aciti. pfi meters are used to 
detect the specified enti points. 
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B Cravimetrif I*i 



Gravimetric methods involve direct 
.weighing of the constituent in a container. 
^n_^empty container is weighed, the 
/:onstituent is separated from the sample 
mi]cture and isolated in the container, then 
the container with the constituent is weighed. 
The difference in the weights of th^ container 
e and adter containing the constituent 
resents the weight of the constituent. 

'The type of container depends on the method 
ured to separate the constituent from' the 
^d.mple mix'ure. In the solids determinations, 
the contsin^ir is an evaporating dish (total or. 
dissolved) nr a glass fiber fUt^r disc in a 
crucible (suspended).. For oil and grease, 
the container is a flcsk containing a residue 
after e^raporstion of a solvent. 



C Combustion «. 

Combustion means to add oxygen. In the 
Total Organic Carbon Analysis, combustion 
is used within an instrument to convert 
' carbonaceous material to carbon dioxide. 
An infrared analyzer measures the carbon 
dioxide. 



VI PHOTOMETRIC METHODS 

These methods involve the measurement of light 
that is absorbed or transmitted qdantitatively 
.eitheriby the constituent of interest or else by 
■ a substance containing the constituej^t of interest 
which has resulted from some treatment of 
the sample. The quantitative aspect of these 
photometric methods is based on applying the 
^ Lambert-3eer Law which established that the 
amount of Ught absorbed is quantitativL.ly 
related to the concentration of the absorbing 
medium at a given wavelei;gth and a given 
thickness of the medium through which the 
light passes. . , ^ 

Each method requires pfeps^ring a set of 
standard solutions containing known amounts 
of the constituent of interest. Photometric 
values, are oDl'ained fctr -^e standar<js. These* 
are useci to draw a calibration (standard) curve 
by plotting photonietriQ values against the 
concentrations. *,Then, |?y. locating- the photo- 
metric. value for the sample'on this standard 
curve, the unknown concentration iii the 
sample can be determined. 
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A Atoniii" Absdi pt!' • 

Atomic Absorption (A A) instruments utilize 
absorption of lif;ht of a characteristic wave- 
length. This form of analysis involves 
aspirating solutions of metal ions (cations) 
or molecules containing metals into a 
flame ^here they are reduced to individual 
atoms in a gVound electrical state. In this - 
com:i.tion, the atoms can absorb radiation 

. ol a wavelength characteristic for .each 
element. A lamp containing the element of 
interest as the cathode is used as a source 
to emit' the chara leristic line spectrum for 

* the element to be determined. 

The amount of energy absorbed is directly 
related to the concentration of the element 
of interest. Thus the Lambert- Beer Law 
applies. Standards can be prepared and 
lested and the resulting absorban«^c values - 
can be used to construct a calibration 
^ (standard) curve. Then the absorbance 
value for the sample is located on this curve 
Lo determine the corresponding concentration. 

. Once the instrument is adjusted to give 

optimum readings for the element of interei^t. 
the testing of each solution can be dbne in 
a matter of seconds. Many labov'atories 
wire recorders into their instruments to 
rapidly tr^scribe the data, thus conserving 
time spent oti this aspf^ct of the analysis. 
Atomic absorption techniques are generally 
used for metaJs and serqi-metals in solution 
or else solubilized through some form of 
sample processing. For mercury, the 
principle is utUired but the absorption of 
light occurs in a nameless situation with 
the mercury in the vapor state and contained 
in. a closed glass cell. 

B Flame Emission i 

<: 

Flame emission photometry involves 
measuring the amount of light given off by 
atoms drawn into a Hame. At certain 
temperatures. tHe flame raises the electron^ 
in atoms to a higher energy level. When 
the electrons fall back to a lower energy 
• level, the atoms lose (emit) radiant energy 
which can be detected and measured. 

Again standards must be prepared and 
tested to prepare a calibration (standard) 
cttrVe. ^Then the transmission value of the 
sahiple rill btr located on the curve to 

determine its concentration. 
Many atomic absprptiori instruments can be 
used for Hame emission photometry. 
Sodium and potassium are very effectively 
determined by the emission technique. 
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Ilf/wcver, fo: many elemenia. iibsorption 
analysis is more sensitive be»:iiube there are 
\ great nuiitber of unexciied atoms in the 
flame wliich^ are available to absorb the 
radiant energy.- 

C Colonmetry 

Colorimetric analyses involve treating 
standards wiiich contain known concentrations 
of the constituent of interest and also the 
sample with reagents to produce a colored 
solution. The greater the concentration of 
the constituent* the more intense will be 
the -esUlting color. 



The Lambert -Beer Law. which relates the 
absorption of light to the^ickness and 
concentration of the absorbing medium 
applies. Accordingly, a spectrophotometer 
is used to measure the amount of light of 
approprta'te wave'iength which is absorbed 
by tlie saiTi«, thickness of each solution. 
The results irom the standards are used to 
construct a calibration (standard) curve. 
Then the' absorbance value for the Sample 
is located on this curve Xo determine the 
corresponding concentration. 



Many of the metals and several other 
parameters (phosphorus, ammonia, nitrate, 
nitrite, etc. ) are.determijied in this 
manner. . 

VII (^3- LIQUID CH ROMA TOGi^A PHY 

Chromatography techniques Involve a separa- 
tion of the components* in a mixture by using 
a difference in the physical properties of the 
components. Gas- Liquid Chromatography 
(GLC) involves separation based on a differ- 
ence in the properties of volatility and solu- 
bility. The method is used to determine 
alglcides. chlorinated organic compounds 
. and pesticides. 



As with other instri.niental nctliods,. standards 
j*^i^known concentrations of the ^substance .of 
/^niereSt are measured on the instrument. A 
( calibration (standarti) curve can be developed 
and the concentraUon in a f.ample can be 
determij.ed from this griph. . 

Gas-liquid chromatography methods dre very 
sensitive (nanogram, picogram quantities) so 
oniy small amour.ts of samples are require:!. 
On the other hand.^ this extreme sensitivity 
often necessitates extensive clean-up of 
. samples prior to GLC analysis. 
VIM AUTOMATED METHODS 

The increasing number of samples and 
measurements to be n%ade in water qua'ity 
laboratories haa^timulated efforts to automate 
these analyses. . Using smaller amounts of 
sample (semi-micro techniques)., combining ' 
reagents for fewer measurements per analysis, 
and using automatic diapensers are all means 
of saving analytical time. 
However, the term "automated laboratory* 
procedures^* usually means automatic intro- 
duction of the sample into the instrument, 
automatic treatment of the sample to test for 
a • .mponent of interest, automatic recording 
of data and. increasini^ly. automatic calculating 
and print-out of data. Maximum automation 
systems involve continuous sampling direct 
from the source (e.g. an in-place. pi obe) with 
telemetering of results to a central computer. 
Automated methods, especially those based on 
eolorinietric methodology, are recognized for 
several water quality parameters including 
alkalinity, ammonia, nitratet^^j^trite. phosphorut 
and hardness. '* . 

IX SOURCES OF PROCEDURES 

Details of the procedure for an individusi 
measurettient can be found in refercQce books. 
y There ar*: three particularly-recognized books 
of pr'^' »-*1tr' s for water quality neasuremenls. 



The sample is introduced into an injector 
bldck which is at a high temperature (e.g. 
210''C). causing the liquid sample to volatilize. 
An inert carrier gas transports the sample 
components through a liquid held in place as 
a thin film on v inert solid support material 
in a column. 

Samplevcomponertts .p,as^ through the column 
at a speed partTy governed by the relative 
solubility of each in the Itt^ionary liquid. 
Thus t^e least soluble components are the 
first toVeach tht detector*." The typ^.of 
, detector used depends on the class' of compound^ 
Involved. All detectors' functiort to sense and 
measure the quantity of each sample component 
as it comes off the column.- The detector. *• 
signals a recorder system whirh registers 
a response. * ' 1 2 

2-4 . ' . -^v: 
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The American Public Healch Association, 
the American Water Works Association 
and the Water PoUutinn Control Federation 
prepare and publish "Standard Methods for 
the Examination rt^ Wat***" and Wastewater. " 
As indicated by the list of publishers, this 
book contains methods developed for use by 
'those interested in water or wastewater 
treatment. 
B ASTM Standards^^) 

The AmvrLc'rjt Society for Testing and 
Materials publishes an "Annua: Book of 
ASTM Standards" containing specification3 
and methods' for testing materials. The 
"book" currently consists of 47 parts. 
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The part applicable to water was formerly 



The nnethods are chosen by approval of the 
membership of ASTM and arc intended to 
aid industry* government agencies and the 
general public. Methods are applicable to 
industrial waste waters as well as to other 
types of water samples. 

C EPA Methods Manual*''^ 

The United States Environmental, Protection 
Agency publishes a manual of "Methods for , 
Chemical Analysis of Water and Wastes. " 

EPA developed this manual to provide 
methodology for monitoring the quality of 
our Nation'-s waters and to determine the 
Impact of waste discharges. The test pro- 
cedures were carefully selected to meet 
these needs* using Standard Methods and 
ASTM as basic references. In many cases* * 
the EPA manual contains completely 
described procedures because they modified 
methods from the basic references.. Other- 
wise, the manual cites page numbers in 
the two references where the analytical 
procedures can be found. 



To check precision, ^hc analyst should 
analyze samples with four different 
concentrations of the constituent of interest, 
seven times each. The study^^should cover 
at least two hours of normal laboratory ' 
operations to allow changes in conditions 
to affect the results. Then he should 
calculate the standard deviation of each of 
the sets of seven results and compare his 
values for the lowest and highest concen- 
trations tested with the standard deviation 
value published jor that method in the reference 
book. An individual should have better values 5*^ 
than those averaged from the work of several" ' 
analysts. ■ 

To check accuracy, he can Use two of the 
samples usee} to check precision by adding 
a known amount (spike) of the particular ^ 
cqnstltuent in quantities to double the lowest 
concentration used, and to bring an Inter- 
mediate concentration to approximately 75% 
of the lippcr limit of application of the 
method. He then analyzes each of the spiked 
samples seven times* then calculates the 
average of each set of seven results. To 
calculate accuracy In terms of % recovery, 
he will also need to calculate the average of 
the results he got when he analyzed the 
unspiked samples. Then: 



X ACCURACY AND PRECISION 



A Of the Method 



One of the criteria for choos^g methods 
to be used for water quality analysis is that 
the method should measure the desired 
property or constituent with precision, 
accuracy, and specificity sufficient to meet 
data needs. Standard references, then, 
include a statement of the precision and 
accuracy for the method which Is obtained 
when (usually) several analysts in dlfTerent 
^ laboratories used the particular method.' ' 

B Of the Analyst 

Each analyst should check. bis own precision 
and-accuracy as a test of his skill in per- • 
forming a test. According to the U. S. EPA 
Handbook for Analytical Quality Control^^^, 
he can do this in the following manner, c 



% Recovery = 



Avg. of Spiked 



Avg. of 
Uns piked Spike 



Again, the individual's % recovery should be 
better tha^i the published figure derived from 
the results of several analysts, 

C Of Daily Performance . . 

Even after art analyst has demonstrated his 
p&rsortal skill in performing the analysis, 
a dally check on precision and accuracy 
should be done. 'About one in every ten 
samples should be a duplicate to check 
precision and about one in every ten samples 
should be spiked to check accuracy. 

U is also beneficial to participate In inter- 
laboratory quality control programs. The 
U.S. EPA provides reference samples at 
no charge to laboratories. These samples 
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serve as independent checks on reagents. 
Instruments or techniquee; for training 
analysts or for comparative analyses within 
the laboratory. There is no certification 
■ r other formal evaluative function resulting 
frpm their use. 



XI SELECTION OF ANALYTICAL 
PROCIEDURES 

Standard sources^ ^' ^' will, for most 
parameters, contain more than one analytical 
procedure. Selection of the procedure to be 
used In a specific instance involves consider- 
ation of the ube to be made of the data. In 
spme caseJi^ one must use^specifled procedures. 
In others, one may be able to choose among 
several methods. 

A NPDES Permits and State Certifications 

A specified analytical procedure must be 
used when a waste constituent Is measured; 

1 For an application for a National Pollutant 
/ Discharge Elimination System <NPDES) 
1 permit under Section '402 of the Federal 
. Water Pollution Control Act (FWPCA), 
as amended. 

' 2 For reports required to be submitted by 
dischargers under NPDES. 

3 For certifications Issued by States 
•pursuant to Section 401 of the FWPCA, 
as amended. , ' 

Analytical procedures to be used in these ^ 
situations must conform to those 'specified 
In Title 40, Chapter 1, Part 136, of the 
Code of Federal Regulations (CFR). The 
listings Ln the C ! |{ uj<ii;illy cite two dlffercn' 
proccauree fo n ■;>' ti; tilar measuremeni. 

Thp CFR al5:n-pi ovi.fles a system of 
applying to Kl'A Tor (jermlssion to 
use methods not cited in the CFR. 
Approval of alternative methods for 
nationwide use will be publlshed ln 
. rthe Federal rU'RisU r. 
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B Ambient H'ater i.^uaiii> Monitoring 

For/Ambi.-nt \\:^*cr Quality Monitoring, 
analytical procedures have rot bern 
specified by regulations. Iiowm'cr, tlie 
• selection of procedures to be used should 
receive attention. Use of those listed In 
the CFR Is strorfgly recommended. If 
any of the data obtained Is going to be used 
in connection with NPDES permits, or may 
be used as evidence in a legal proceeding, 
use of procedures listed in the CFR Is 
again strongly recommended. 

C Drinking Water Monitoring 

In December, 1975, National Interim 
P;*imary Drinking Water Regulations' 
to be effective June 24, 1077 were 
published In the Federal Register In 
Tltle^40, Chapter J, Subchapter D, 
Part 141. The publication Includes 
specification of analytical procedures 
to be used when determining compliance 
with the maximum contaminant levels 
of required parameters. 

Because of the low concentrations In- 
volved In the regulations, there Is often 
just one analytical method cited for 
each parameter. 

V . - 

Individuals or rjix'.-.n -nations may apply 
to KI^A for permission to use methods 
not cited in the above. Approval of 
alternative method'' for nationwide use 
wQl hv puhlislit'd in ihe federal Register. 

\ll FIELD KITS 

Kicld kits have been devised to perform 
inalyses outside of the laboratory. The kit 
may contain equipment and reagents for only 
one test or for a variety of measurements. 
It may be purchased or put together by an 
agency to serve i^ particular needs. 

Since such kits are devised for performing 
tests with minimum time and maximum 
simplicity, the types of labware and reagents 
employed usually differ significantly from the 
equipment and supplies used to perform the 
same measurement in a laboratory. 

) 
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A Shortcomings 

Field conditions do not accommodate the 
equipment and services required for prC'- 
treatments like distillation and digestion. 
Nor is it practical to carry and use calibrated 
glassware like burets and volumetric plpets. 
Other problems are preparation, transport 
and storage o.t high quality reagents, of 
extra supplies required to test for and remove 
sample interferences before making the 
measurement, and of Instruments which 
are very sensitive in detecting particular 
constituents. One just cannot carry and 
set up laboratory facilities in the field which 
are equivalent to stationary analytical 
facilities. 



B Uses 

Even though the results of field tests a ;e 
usually not as accurate and precise as those 
performed in the laboratory** such tests do 
have a place in water quality programs. 

In situations where only an estiim te of the 
concentrations of variori constituents is 
required, field tests serve well. They are 
invaluable sources of information for 
planning a full-scale sampU^ testing 
program when decisions mustbe made 
regarding location of sampling sites, 
schedule of sample collection, dilution of 
samples required for analysis, and tr^at- 
. ment of samples required-to -remove inter- 
ferences to analyses. 

C NPDE^ Permits and State Certificstion 

Kit methods are not approved for obtaining 
data required 'vr NPDES permits or State 
construction '.Ifications. If one judges 
that such a me^.od is justifiable for these 
purposes/ he must apply to EPA for per- 
mission to use it. 



D Drinking Water Monitoring 

The DPD test kit for residual chlorine is 
approved in the December. 1975 Federal 
Register for monitoring drinking water. 
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DISSOLVED OXYGE:. 
Factors Affecting DO Concentration In Water 



I The Dissolved Oxygen determination is 
a very important water quality criteiria for 
many reasons: 

A Oxygen is an essential n',H S^nt for all 
living organisms Dissolved oxygen is 
essential for survival of aerobic 
organisms and permits facultative 
organisms to metabolize more effectively. 
Many desirable varieties of macro or 
micro organisms cannot survive at 
dissolved oxygen concentrations below 
certain minimum values. These valueR 
vary with the type of organisms, stage 
in their life history, activity, and other 
factors. 

B Dissolved oxygen*^ levels may be used as 
an indicator of poUotiTsn by bxygen 
demanding wastes. Low DO concen- 
trations are likely to be associated with 
low'qUality waters. 

C The presence of dissolved oxygen 
prevents or minimizes the onset of 
piitrefactive decomposition and the 
- production of objectionable amounts of * 
malodorous sulfides* mercaptans, 
amines* etc. 

' D Dissoh ed oxygen iA essential for • 
terminal stabilization waste water 
High DO concentrations are normally 
associated with good quality water. 

E Dissolved oxygen changes with respect 
to time, depth or section of a water 
•mass are useful to indicate the degree 
•of stability or mixing characteristics 
of that situation. 

F The BOD or other respirometric test 
methods, for water quality are commonly 
based upon the difference between an 
initial and final DO determination for a 
given sample time Interval and con- . 
dition. These measurements are 
useful to indicate: 



1 The rate of biochemical activity in 
terr-.v -jf oxygen demand for a 
givi v. -sample and conditions. 

2 llie degree of acceptability 

(a bioas8a> technique) for bio- 
chemical stabilization of a given 
microbiota ^n response to food, 
inhibitory agents" or test conditions. 

3 The degree of instability of a 
water mass on the basis of test 
sample DO changes over an 
extended interval of time. 

4 Permissible load variations in 
surface water or treatment units 
in terms of DO depletion versus 
time, coricentration. or ratio of 
food to organism mass,' solids, or 
volume ratios. 

5 Oxygenation requirements 
necessary to meet the oxygen 
demand in treatment units or 
surface water situations. 

G Minimum allowable DO concentrations are 
specified in all Water Quall^fitaiidards. 



11 FACTORS AFFECTfNG THE DO 
CONCENTRATION IN WATER 

A Physical Factors: 

1 DO solubility in water for an 
air/water systeni is limited to 
about 9 'mg DO/liter of water at 
20°C. This amounts to about 
0.0009% as compared to 21% by 
weight of oxygen in-air. 

2 Transfer of oxygen from air to 
water is limitod by the interface 
area, the oxygen deficit, partial 
pressure, the conditions {it the 
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interface area, mixing phenomena 
and other Items. 

Certain factors tend to confuse 
reoxygenation mechanisms of 
water au ration: 

a The transfer of oxygen in air 
to dissolved molecular oxygen 
in water has two principal 
variables: 

1) Area i . the air-water 
interface. 

2) Dispersion of the oxygen- 
saturated water at the 

' interface into the bo^ liquid. 

The first depends upon the surface 
area of the air bubbles in the water 
or water drops in the air; the 
second depends upon the mixing 
energy ih the liquid. If dJffusors 
are placed in a line along the Wall, 
dead spots may develop in the core. 
Different diffusor placement or 
mixing energy may Improve oxygen 
transfer to the liquid two or threefold. 

b Other variables in oxygen transfer 
incliide: 

3) Oxygen deficit in the liquid. 

4) Oxygen content of the gas phaee. 

5) Time, 

If the first four variables are 
favorable, the process of water 
oxygenation Is rapid until the liquid 
approaches saturation. Much more 
energy and time are required to 
increase oxygen saturation from 
about 95 to 100% than to increase 
oxygen saturation from 0 to about 



05%, For example: An oxygen- 
depleted sample often will pick up 
significant DO during DO testing; 
changes are unlikely with a sample 
containing equilibrium amounts 
of DO. 



c The limited solubility of oxygen 
in water compared to the oxygen 
content of air doefi not require 
the interchange of a large mass of 
oxygen per unit volume of water 
to change DO saturation, DO 
Increases from zero to 50% 
saturation are con>mo'.i In passage 
over a weir. 

d Aeration of dirty water Is practiced 
. for cleanup. Aeration of clean' 
water results in washing the air and 
transferring fine particulates and 
gaseous contaminants to the liquid. 

e One liter of air at room temperature 
contains about 230 mg of oxygen. 
A 5 gal carboy of water with 2 liters 
of gas space abcve the liquid has 
ample oxygen supply for equilibration 
of DO after siorage for 2 or 3 days 
or shaking for 30 sec. 

f Aeration tends toward evaporative 
cooling. Oxygen content becomes. - 
higher than saturation values at 
the test temperature, thus " 
contributing to high blanks. 



3 Oxygen solubility varies *rlth the 
temperature of the water. 
Solubility at lOoc Is about two- 
times that at 30O c. Temperature 
. often contributes to DO variations 
much greater than anticipated by 
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solubility, A cold water often has 
much more DO than the solubility 
limits ax laboratory temperature. 
Standing during w&j*mup commonly 
results in a loss of DO due to 
oxygen diffusion frc*n the super- 
saturated sample. Samples 
warrT'^r than laboratory tempera- 
ture may decrease in volume due 
to the 'Contraction of liquid as 
temperature is lowered. The full 
bottle at higher temperature will, 
be partially full after shrinkage • 
with air entrance around the stopper, 
to replace the void,,^ Oxygen in the 
> air may be transferred to' raise the 
sample DO. For example, a 
volumetric flask filled to the 1000 ml 
nnark at 30oC will show a'wai.ter 
level about 1/2 inch below the mark 
when the water temperpldre is 
reduced to 20oc. BCD dilution's 
should be adjusted to 200C + or - 
1 1/20 before filUrig and testing. 

Water density varies with tem- 
perature with.i[)iaximunvwater 
density at 40C. Colder or warmer 
waters tend to promote stratification 
0^1 water that interferes with 
cistribution of DO because the 
h:ober density waters tend to seek 
the lower levels. 

Oxygen diifusion in a water mass is 
relatively slow« hence vertical and 
lateral mixing are essential to 
maintain relatively uniforni oxygen 
-concentrations in a water mass. ' 

Increasing salt concentration 
decreases oxygen solubility 
slightly but has a larger effect 
upon density stratification in a 
. water mass. 

The partial pressure of the oxygen 
in the gas above the water interface 
controls the' oxygen solubility 
limits in the water. For example, 
the equilibrium concentration of 
oxygen in water is about 9 mg DO/l"- 
under one.atmosphsric pressure of 



air, about 42 mg DO/liter in 
contact with pure oxygen and 0 mg 
DO/liter in contact with pure 
nitrogen (@ 20o C)r 

B Biological or Bio-Chemical Factors 

1 Aquatic life requires oxygen for 
respiration to meet energy 
requii'ements for growth, repro- 
duction, and motion. The net 
effect is to deplete oxygen resources 
in thr water at a rate controlled 

by the type, activity, find mass of 
living materials present, the 
availabiiiiy of food and favor- 
ability of conditions. 

2 Algae, autotrophic bacteria, plants 
ot other organisms capable of ^ 
photosynthesis may use light 
energy to synthesize cell materials 
from mineralized, nutrients with 
oxygen released in process. 

a Photosynthesis occurs only.^ 
under the influence of adequate 
light intensity. 

b Respiration of alga is 
continuouii: 

c The doniinant effect in terms 
of oxygen assets or 
liabilities of al^a depends upon 
algal activity, numbers and 
light intensity. Gross algal 
' productivity contributes to- 

significant diurnal DO' 
variations, 

' 3 Hign rate deoxygenation commonly 
accompanies aspimilation of 
readily available nutrients and 
conversion into cell mass or 
storage products. Deoxygenation 
, due to cell mass respiration 
cqmmonly occurs at some lower 
rate dependent upon the nature of 
the organisms present, the stage 
of decomposition and the degree 
of predation, lysis, mixing and 
regTowth. Felatively high 
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deoxygenation rates commonly are 
associated with sif^nificant growth 
or regrowth of organisms, 

Mlcro-Oi'5anisms tcr.d to flocculate 
or a{>glomtvate to form scttleable 
-mas SOS particularly at limiting 
nutrient levels (after available 
nutrients have been assimilated or 
the number of organisms are large 
in proportion to available, food), 

a Kt'sultin^' benthic deposits 
ci>ntinue to respire as bod 
loads, 

b Oxygen availability is limited 
because the deposit is physically 
removed from the source of 
surface oxygenation and algal 
{■ activity usually is more 

favorable near the surface. 
Stratification is likely to limit 
oxygen transfc,- tothe bed load 
vicinity, - 

%: The bed load commonly is 

oxygen deficient and decomposes 
by anaerobic action, 

d Anaerobic action commonly is 
characterized by a dominant 
hydrolytir or solubilizlng action 
with relatively low rate growth 
of organisms, 

e The net effect is to produce low 
molecular weight products ' 
from cell mass with a corre- 
spondingly large fraction of 
feedback of nutrients to the ^ 
overUyiag waters, T^ese 
lysis produ ts have the effect,'* 
of a high r ce or immediate 
oxygen dr *nd upon mixture 
with oxyp containing waters, i 

f Turbulet favoring mixing of / 
surface waters and benthic/ [ 
sediments commonly are/ v 
associated with extremely 
• . rapid depletion of DO, 



Recurrent resuspension of 
thin benthic deposits may 
contribute to highly erratic 
DO patterns, 

g Long 1 .-rm deposition areas 
commonly act like point 
sources of new pollution as 
a result of the feedback of 
nutrients from the deposit. 
Hate of reaction may be low 
for old mat.^rials but a low 
percentage of a large mass of 
unstable ma\erial may produce 
excessive oxygen demands, 

C Tremendous DO variations are likely 
in a polluted water in reference to 
depth« cross section or time of day, 
'More stabilized waters tend to show 
decreased DO variations although it is 
Ukely that natural deposits such as IcaC 
mold will produce differences related 
to depth in stratified deep waters, ,y 
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DISSOLVED OXYGEN 
Determination by the Winkler lodometric Titration - Azide Modiiication 



This method is applicable for use with most 
wastewaters and streams that contain nitrate 
nitrogen and not more than 1 mg/ 1 of ferrous 
Iron. Other reducing or oxidizing materials 
should be ahsent. If 1 ml of fluoride solution 
is added before acidifying the sample and 
there is no delay in titration, the method is 
also applicable in the presence of 100-200*' 
mg/ 1 ferric iron. 

The azide modification is not applicable 
under the following conditions: (a) samples 
containing sulfite, thiosulfate, polythionatc, 
appreciable quantities of free chlorine or 
hypochlorite: (b) samples high in suspended 
solids; (c) samples containing organic 
substances which are r^^dUy oxidized in a 
•Jiighly alkaline solution, or which arc oxidized 
by free iodine in an acid solution; (d) untreated 
domestic se'.b . 'je: (e) biological flocs; and 
(T) .where sample color interferes with 
endpoint detection. In instances vhcrc the 
azide modification is not applicable, the 
DO probe shctild be used. 



converting dissolved oxygim in the 
yater into a form in which it can 
be measured. 



O^MnO(OH)_— MmSO,L 
^ Z 4 2 



phenylarsiutf oxide (PAO) 
titration. 

b All added reagents arc in excess 
to improve contact possibilities 
and to force the reaction toward 
completion. 
\ • ■ 

The first conversion, O^ — 
MnOCOH)^ (reactions a, G) is an 
oxygen transfer operation where 
the dissolved oxygen in the water 
combines with manganous 
hydroxide to form an oxygenated 
manganic hydroxide. 

a The manganous salt can raact 
with oxygen only in a highly 
alkaline media. 



The determination of DO involves 
a complex series of interactions 
that must be quantitative to provide 
a valid DO result. The number of 
spquehtial reactions also compli- 
'cates interference control. The 
reactions will be pj , .•*<'iited first 
followed by discusi»iw4i of the 
functional' aspects. 



MnSO^ + 2 KOH — Mn(OH)2 + KgSO^ 'a) 



2 Mn(OH)2 +02—2 MnO(OH)2 



(b) 



MnO(OH)2 +2 H2SO^ " Mnf 80^)2 + 3H2O (c) 

Mn(SO^)2 + 2 KI— MnSO^ + K2SO^ + I2 (d) 

l2V2Na2S203- Na2S^Og+2NaI (e) 

2 ReactioN ii«squence 

The series of reactions involves " 

five dlff'T^nt operational steps in O ^ 

CH.O.f'o. 3l*e. 11, K 



The manganous salt and alkali 
must be added separately with 
addition below the surface of 
the st mple to minimize reaction 
with atmospheric oxygen via 
air bubbles or surface contact. 
Reaction with sample dissolved 
oxygen is Intended I0 occur 
upon mixing of the reagents and 
sample after stoppering the 
full bottle (care should be used 
to allow entrained air bubbles . 
to rise to the surface before 
adding reagents to prevent 
high results due to including 
entrained oxygen). 

Transfer of oxygen from the 
dissolved state to the pre- 
cipitate form Involves a two 
phase system of solution and 
precipitate requiring effective 
mixing for quantitative 
transfer. Normally a gross 
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excess of reagents is used to liniit 
mixing requirements. Mixing by 
, rtvpcl .inversion 25 to 35 times will 
- •^^^wmpli^i the.purpose. Less energy 
•IsVe^ired by inversion 5 or 6 times,* 
allowing the floe to settle until there 
is.clcar liquid above the floe, repeating 
the inversion, & allowing the floe to 
settle about two-thicds of the way down 
in the bottle. The reaetion is rapid; 
contact is the prineipal problem in 
• the two phase system. 

d If the alkaline floe is white, 
no oxygen is present. 

4 Acldification-Hreactions c and d) 
changes the oxygenated manganic 
hydroxide to manganic sulfate 
which' in turn reacts with 
potassium iodide to form elemental 
iodine. Under acid conditions, 
oxygen cannot react directly with *.. 
the excess manganous sulfate 
remaining in solution. 

5 Iodine (reaction e) may be titrated 
^yith sodium thicsulfate standard 
solution to Indicate the amount of 
dissolved oxygen originally 
present in the sample. 

a The blue color of the starch- 
iodine complex commonly is 
used as an indicator. This 
blue color disappears when 
element&l iodine has been ' 
reacted with an equivalent 
amount of thlo^iuUate. 

b PhenyUrsine oxide solution^ are 
more expensive to obtain but 
have better keeping qualities 
than thiosuUate solutions. 
Occasional use, field operations 
and situations where It is not 
feasible to calibrate thio 
solutions regularly^ usually 
encourage use of purchase4 
PAO reagents. *^ ' 

6 For practical purposes the DO 
determination echenae involves the 

* following operations. 



a Fill a 300 ml bottle* under 
conditions minimizing DO 
changes. This means that the 
sample bottle must be flushed 
with test solution to displace 
the air in the bottle with water 
characteristic of the tested 
sample* 

«DO test bottle volumes should 
be checked - discard those 
outside of the Umits of 300 ml 
+ or - 3 ml.^. 

b To the filled bottlcg: 

1) Add MnSO^ reagent (2 rril) . 

2) Add KOH, KI, NaNg reiagent 
' (2 ml) 

Stopper, mix by inversion,^ 
allow to settle. until there is 
clear liquid above the floe, 
rejieat the inversion, & allow 
the floe to settle about two-thirds 
of the way down in the bottle. 
Ilighly'sailine L other test waters 
' may settle very slowly. In this 
case, allow some reasonable time 
(e.g. 2min.)for completion of the 

reaction. 

e . To the alkaline mix (settled 
about half way) add 2 ml of ' 
sulfuric acid, stopper and mix 
until the pi'ecipitate dissolves. 

d Transfer the contents o^ the 
bottle to a 500 ml Erlenmeyer 
flask and titrate with 0.0375 
normal thiosulfate. Each 
ml Of reagent used represents 
1 mg of DO/liter of sample. 
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The sam^ thing applies for 
other sample vo.Tumes when 
using an appropriate tit rant 
normality; e* g« , 



1) 



For a 200 ml sample, use 
0. 025 N Thio 



2) For a 100 ml sample* use 
0.0125 N Thio 



B Entrained air may be trapped in a DO 
bottle by: 

1 Rapid filling of vigorously mixed 
samples without allowing the 
entrained air to escape before ' 
closing the bottle and adding DO 
reagents. 



7 The addition of the first two DO 
reagents* (MnSO^ and the KOH, KI 
and NaN^ solutions) displaces an 
equal quantity of the sample. This 
is hot the case when acid is addecT^ 
because the clear liquid above the 
floe does not contain dissolved 
oxygen as aU of it should be con- 
verted to the particulate MnOCOH)^. 
Some error is introduced by this 
displacement of sample during 
dosage of the first two reagents. 
The error upon addition of 2 ml of 
each reagent to a 300 ml sample 

iff i- X 100 or 1.33% loss in DO. 

300 * 5 

This may be corrected by an 
appropriate factor or by Adjust- 
ment of reagent normality. It is 
generally considered small in 
relation to other errors in sampling* 
manipulation and interference* , 
hence this error may be recognized 
but not corrected. '-^ 

8 Reagent preparation and pro- 
cedural details can be found in . . 
reference 1* " 



*IV The sequential refactions for th» 
Chemical DO determination provider 
several situations where significant inter- 
ference may occur in application on 
polluted water* such as: 

A. Sampling errors may not be strictly 
designated as interference but have the 
some effect of changing sample DO. 
Inadequate flushing of the bottle con- 
tents or ex];>osure to air may raise the 
DO of low oxygen samples or lower the 
DO of supersaturated samples. 
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2 Filling a bottle with low temperature 
water holding more DO than that in 
equilibrium after the samples warm 
to working temperature. 

3 Aeration is likely to ^ool the sample 
permitting more DO to be introduced 
than can be held at the room or 
incubator temperatures. 

4 Samples warmer than working 
incubator temperatures will be 
only partially full at equilibrium 
temperatures. 

Ad^tion of do' reagents results ii) 
reaction with dissolved or entrr ined ' 
oi^ygen. Results for DO are invalid 
if there is any evidence of gas 
bubbles in the sample bottle. 

The DO reagents respond to any oxidant 
or reductant in the sample capable of 'j^^ 
reacting within, the time allotted. HOCl 
"orH202 may raise the DO titration 
while ^ SH may react with sample 
oxygen to lower the sample titration. 
The items mentioned react rapidly and 
raise or lower the JXD r^ult promptly. 
Othe'r^tems such as Fe or SO^ may 
or may not react completely within the 
time allotted for reaction. Many 
organic materials or complexes from 
benthic depoatts nriay^ have a;i effect upon 
DO results that are difficult to predict. 
They may, have one effect dur^ing the 
alkaline stage to release iodine from 
Kl while favoring irreversible 
absorption of iodine during the acid 
stage. Degree of effect may increase 
with reaction time. It is generally 
Inadvisable to use the iodometric 
titration on samples containing large 
amounts of organic cfontaminants or 
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benthic residuus. It would be expected 
thut beiithic residuuB would tend toward 
low rL'Sults because o^the reduced iron ' 
and sulfur content > they commonly 
favor high results due to other factors 
that react more rapidly, often giving 
the same efftK:l as In uncontrolled 
nitrite interference during titration. 

Nitrite is present to some extent in 
natural waters or partially oxidized 
treatment plant sarppleo. ^Jitrite is 
associated with a cyclic reaction during 
the ap:id stage of the DO determination 
that' may leari to erroneous high results. 



Polluted water commonly uotitains 
, significant interferences such as C. 
•It is advisable to use n menibriin<' 
protected sensor of the electi'onic type 
for DO detei'miiiations in the prcsencK 
of.these types of interference. 

The order of reagent addition and prompt 
t:ompletion of the DO deierminution is 
critical. Stable waters may give valid 
DO results after extended delay of 
titration duriag the acidified stage. Vov 
unstable water« undue delay at any stage 
of processing accentuates interference 
problems. 



These reactions may be repre- 
sented as follows: ' 



REFERENCE 



2HNO, + 2 HI + 4H-0 + N.O. (a) 
J 2 2 2 ^2 

2HNO2*- + I/2O2+ HgO + N^Og (b) 

These reactions are time, mixing 
and concentration dependent and 
(Q)n be minimized by ra^id 
processing. ' ' , 



Methods for Chemical Analysts of 
Water & Wastes, U, S. Environ:ucntal 
Protection Agency, Environnient 
Monitoring & Support Labqratory, ' 
Cincinnati, Ohio 45268, 1974. 
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Sodium azide (NaN^) reacts with 
nitrite dnder acid conditions to . 
form a combination of N + N^O 
which effectively blocks the • 
cyclic reaction by gp'nvertlng the . 
HNO, to noninterferlng compounds 
of nitrogen. 



This ovtline contains significant materials 
from previous outlines by J. Mandia, 
Keview and comments by C. R. |Iirth and 
R. L. Booth are greatly apprecit^tcd. 



Sodium azide added to fresh 
alkaline KI reagent is adequate to 
control interference up to about 
20mgof NOg N/liter of sample. . 
The azide is unstable and grad- 
ually decomposes. If resuspended 
benthic sediments are not detectable^ ^ 
in a sample showing a returning 
blue color, it is likely that the 
azide has decomposed in the 
alkaline KI azide reagent. 



Surfactants, color and Fe+++ may 
confuse endpoint detection if present 
in significant quantities. 



This outline was prepared by F, J, Ludzack,* 
formo^; Chemist, National Training Center, 
an<l revised by C, R. Feldniann, Chemist. - 
National *rraining;& Operational Technology 
Center, MOTD, OWPO. USEPA. Cincinnati. 
Ohio 45268. 

Descriptors: Chemical Analysis, Dissolved 
Oxygen, Oxygen, Water Analysis 
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I INTRC^CTION 

A Electronic measurement of DO Is attractive 
for several reasons; 

1 Electrc Ic methods are more. reaOily 
.adaptable for automated analysis* con- 
tinuous recording* remote sensing or 
portabiiityi 

2 Appllcatfon of electronic methods with 
membrane protection of sensors affords 

^ Sv high degree of interference control. 

3 Versatility of the electronic system 
permits design for a particular measure- 
ment* situation or use. 

4 Many more determinations per man- 
hour are possible with a minor expend- - 
Iture of time for calibration. 

B EleWronlc m^ods of analysis Impose 
certain restrictions upon the analyst to 
i6i8ure thai, the response does* in fact* 
indicate the Item sought. ^ 

1 The ease of reading the indicator tends 
to. produce a falfiW sense of tffecurlty. 
Frequent and careful calibrations are 

. essential to 'establish v<ockabillty of the 
" apparatus and validity of Its response. 

2 The use of electronic devices requires 
a greater degree of competence on the 
part of the analyst. Understanding of 
the be ha^dor of oxygen must be supple- 
mented byan understanding of the 
particular instrument and Its behavior 
during use. 

C Definitions 

1 Electrochemistry - a branch, of chemistry 
dealing with relatlon^ps between 
electrical and chemical changes. 



2 Electronic measurements or electro - 
metric procedures - procedures using 
the measurement of potential differences 
as an indicator of reactions taking 
place at an electrode or plate. 

3 Reduction - any process in which one 
'^or more electrons are added to an atom 

or an Ion, such as Og + 2e -» 20" * 
The oxygen has been reduced. ' 

4 Oxidation - any process in which one 
or more electrons are removed from 
an atom or an Ion* such as ZnO - 2e 

Zn"''^. The zinc has been oxidized. * 

5 Oxidation - reduction reactions - in a 
strictly chemical reaction* reduction 
cannot occur unless an equivalent 
amount of some oxldlzable substance 
has been oxidized. For example: 

2H2 T. 2H2O 

2H2 - 4e"-^ 4H hydrogen oxidized 



Chemical reduction of oxygen may also 
be accomplished by electrons supplied 
to a noble metal electrode by a battery 
or other energizer. 

6 Anode - an electrode at which oxidation 
of some reactable substance occurs. 

L Cathode - an electrode at which 

reduction of some reactable substance 

- "occurs. For example in I.e. 3* the 
reduction of oxygen occurs at the 
cathode. 

8 Electrochemical reaction -,a reaction 
involving simultaneous conversion of 
chemical energy Into electrical energy 
or the reverse. These conversions are 



Note: Mention of Commercial Products and Manufacturers Dnps 
Not Imply Endorsement by the Environmental Protection 
Agency. 



CH.O.do. 32a. 11.77 
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equivalent In terms of chemical and 
electrical energy and generally are 
reversible . 

» 9 Electrolyte a solution* gel« or mixture 
capable of conducting electric^ energy 
and serving as a reacting media for 
chemical chdnges. The electrolyte 
commonly contains an appropriate 
conoentratlon of selected mobile ions 
to promote the desired reactions, 

10 Electrochemical cell - a device con- 
sisting of an electrolyte in which 2 
electrodes are immersed and connected 
via an t-xte^al metallic conductor. 
The electrodes, may be in separate 
compartments connected by tul?e cort-- 
taining electrolyte to complete the I ^ ' 
internal circuit,* 

a Galvanic (or voltaic) cell - an 
electrochemical cell operated in 
such a way as to produce electrical 
energy from a Chemical change* 
Guch as a battery (See Figure 1), 



b Polarographic (electrolytic) cell - 
an electrochemical cell operated in 
such a way as to produce a chemical 
change from electrical energy 
(See Figure 2). "~ ' 



Catkih 



^ll<l 



S04i- 



CI++B 
SO4- 



POLAROGRAPHIC Cm 
riiiii 2 



Anil I 



-ay—- 



Catkili 



I $04' 



son: 



GALVANIC CELL 
Finn 1 



As indicated in I. C. 10 the sign of an 
electrode may change as a result of the 
operating mode. The conversion by the * 
reactant of primarx interest at a given ' 
electrode therefore designates terminology 
for that electrode and operating mode.' 
In electronic oxygen analyzers* the 
electrode at which oxygen reduction occurs 
is designated the cathode. 



E Each cell type has characteristic advantages 
and limitations. Both may be used 
effectively. 

1 The galvanic cell depends upon 

measurement of electrical energy 
. .produced as a result of oxygen 
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. reduction. If the oxygen content of the 
sannple is negligible, the measured 
cuju;ent Is very low and indicator driving 
foPceHp negligible, therefore response 
tlme'l9^1onger*. 

2 The pQl£|rographic cell uses a standing 
current to provide energy for oxygon 
reduction. TKe indicator response 
depends upon a _change in the ctanding 
current as a result of electrons 
.I'eleased during oxygen reduction. 
Indicator re&ponse timc therefore is*^ 
not dep'endcnt upoh oxygen concentration, 

3 Choice 'may depend, upon p.val lability, . 
habit, accessories, or the situation. 

In each case it is necessary to use 
care and judgment both in selection 
and use for the objectives desired. 



n ELECTRONIC MEASUREMENT OF DO 

A Reduction of oxygen takes place in two 
steps as shown in the following equations; 

' 1 ^2 * ^"2° * 2e - Hp^ + 20H" 



Both equations require electron input to 
activate reduction of oxygen. The first 
reaction is more Important for electronic 
DO measurement because it occurs at a 
potential (voltage) which is below that 
required to actlva^te reduction of most 
interfering components (0.3 to 0.8 volts .', 

* relative to the saturated calomel electrode - 
SCE). Interferences Ibat may be reduced' 

* at or below that required for oxygen 
usually are present, at.lower Coh,c^nt rations 
in water or may be minimized by the use- 
of a selective membrane or other means. 
When reduction occurs, a definl'.c quantity 

^ of electrical' energy is produced t^iat is ^ 
proportional to' the quantity of reductant 
entering the reaction.^ Resulting, current 
measurements thus are* more specific for 
oxygen reduction! 

B Most electronic measurements of oxygen ' 
are b^sed upon one of two techniques' for 
evaluating oxygen rediiction in line with * 



\eq\(atlon II. A. 1. Both require activating 
energy, both produce a current propor- 
tional to the quantity of reacting reductant. 
The techniques differ in the means of 
supplying the \ctlvp«:ing potential; one 
employs a source of outside energy, the 
other uses spontai'>eous energy produced 
by the electrode pair. 

1 The polarographlc'dxygen sensor 
relies upon an outside source of 
potential to activate oxygen reduction. 
Electron gain by oxygen-changes the 
reference voltage. . 



a Traditionally, ;he dropping mercury 
electrode (DME) has been used for 
polarographlc .measurements . Good 
results have been obtained for DO 
V using the DME but the difficulty of 
nruiintaining a constant mercury drop 
rate, temperature control, and 
freedom from turbulence makes it 
Impractical for field use. 

b Solid electrodes are attractive' 
because greater surface area 
improves sensltlvit]^.. Poisoning 
of the solid surface electrodes is 
a recurrent problem. The use of 
selective membranes over noble 
metal electrodes has minimized 
but not eliminated electrode c6n- 
taminatlon. FeasibHlty has been 
Improved sufficiently" tp make tliis 
type popular for regular use. 

2 Galvanic oxygen electrodes consist of 

a decomposable anodo and a noble . 
• metal cathode in a suitable electrolyte 
to produce activating energy for oxygen 
reduction (an air cell or battery). Lpad . 
is commonly used as the anode because 
its decomposition potential favors 
spontaneous reduction of oxygen. . The 
process is continuous as long as lead 
and oxygen Are in contact in the electrolyte 
and the electrical energy released at 
the cathode may be dissipated by an 
outside circuit. The anode may be 
V*--conserved by limiting oxygen availability. 
Interrupting the outqide circuit may . 
produce erratic behavior for a time 
after reconnection. The resulting 
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current produced by oxygen reduction 
may be converted tp oxygen concen- 
tration b- «»jie of a sensitivity coefficient 

■ obtained during calibration. Provision 
of a pulsed or interxnipted signal noakes • 
it possible to amplify or control the 

' signal and adjust it for direct reading 
in terms of oxygen. concentration or to 
compensate for temperatillre effects. 

m 'ELECTRONIC DO ANALYZER 
•APPUCATION FACTORS 

A Polarographic or galvknic DO instruments 
operate as a result of oxygen partial 
pressure at the sensor surface to produce 
a signal characteristic of oxygen reduced 
at the cathode of some electrode pair. 
This signal is conveyed to an indlc^ling 
device with or without modification "Tor 
sensitivity and temperature or other 
influences depending upon the instnmient 
capabilities anti intended use. 

.1 Many approaqheB ^r*d re.'in'ements have 
been used to iiuprove workability* 
applicability* validity, stability and 

' control of vai^iables.* Developments 
.are' continuing. It Is possible to produce 
a device capable of meeting any reasonable 
situation* but situations differ. 

2 Most comniercial DO instrjuments are 
designed for use under specified con- 
ditions, Some are more versatile than 
^ others. Benefits are commonly reflected 

■ in the price- It is essential to deter- 
mine the requirements of the measujre- 
ment sltmtlon and objectives for use.,^.'* 
Evaluation of a given instrument in"* ' 
terms of sensitivity, response time, 
portability, stability, service 
charactex*istics, degree of automation, 
and consistency are used for judgment 
on a cost/benefit basis to select the 
most acceptable unit. ' 

B Variables Affecting Electronic DO 
Measujrement , 

1 Temperature affects the solubilily of 
oxygen, the-magnltude of the resulting 
signal and the permeability* of the 



protective membrane. A curve of 
oxygen solubility in water versuis 
increasing temperature may be concave 
downward while a similar curve of 
sensor response versus temperature 
Is concave upward. Increasing 
temperature decreased oxygen solubility 
and increases probe sensitivity and 
membrane permeability. Thermistor 
acttiated compensation of probe 
response based upon a linear relation- 
ship or average of oxygen solubility 
and electrode sensitivity is not precisely 
correct as the maximum spread in 
curvature occurs at about 17o C with 
lower deviations from linearity above 
or below that temperatiure. If the 
instrument is calibrated'at a temperature 
within + or - Soc'of working temperature, 
the compensated readout Is likely to be 
within 2% of the rea^l value. Depending 
upon probe geometry^ the laboratory 

. sensor may require 4 to 6% correction 
of signal per o C change in liquid 

. temperatiire. 

2 Increasing pressure tends to' increase 
electrode response by compression 
and contact effects upon the electrolyte^ 
dissolved gases and electrode surfaces. 
As long as entrained gases are not 
contained in the electrolyte qriundi^r 

the membrane, these effects'are * ^ 

negligible. ' 

Inclusion of entrained gases results in 
erratic response that increases with 
depth of immersion, ^ 

3 Electrdde sen9itlvity changes occujr as* 
a result of the nature and concentration 
of contaminants at the electrode sur- 
faces and possible physical .chemical or 
electronic side reactions prodnced. 
These may take the form of a physical 
barrier, internarfehort. high residual 
ciurrent. or chemical changes in the 
metal Burface. The membrane is 
intended to allow dissolved gas pene- 
tration but to exclude passage of Ions 

' or particulates. Apparently some Ions 
or materials producing extraneous Ions 
within the electrode vicin{ty are able 
to pass in limited amount^ which 
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become significant in time. Dissolved 
gases include 1) oxygen, 2) nitrogen, 
3) carbon dioxide, 4) hydrogen sulfide, 
and certain otljers. Item'4 is likely to 
be a majbr problem. 1* em 3 may pro- 
duce deposits in alkaline media; most 
electrolytes are alkaline or tend to 
become so in line with reaction n.A. 1. 
The usable life of the sensor varies 
with the type of electrode system, 
surface area, amount of electrolyte 

, and type, membrane characteristics, 

, nature oXthe samples to which the 
■ system is esqiosed and the Icng^th of 
exposxire. For example, galvanic 
electrodes U8c>d In activated sludge 
units showed that the timeijetween 
cleanup was 4 to 6 months for electrodes 
used for Irt^ennittent dally checks of 
effluent DO; continuous use in the mixed 
.Uquor required electrode cleanup in 2 
to 4 weeks. Each electrometric cell 
, .configuration and operating mode has 
its own response characteristics. 
Some are more stable than.others. 
It Is necessary to check calibration 
frequency required under conditions 
of use as none of them will maintain 

•imiformTresponae indefinitely. Cali- 
bration -be fore and after dally use is 

, advlbable. 

Electrolytes may com,, st of solutions 
or gels of lonlzablQ materials such as 
acids, alkalies^or salts. Blcarbonates, 
KCl and KI are frequently used. The 
electrolyte Is the transfer and reaction 
media, hence, it necesbcrily becomes 
contaminated before damage to the 
electrode surface may occur. Electro- 
lyte concentration, nature, amount and 
quality affect response time, sensitivity, 
stability, and specificity of the sensor 
system. Generally a small qurjitlty of 
electrolyte ^ves a shorter rcB^^r^e 
. time and higher sensitivity but also may 
' be affected to a greater: extent by a 
given quantity of contaminating sub- 
stances. 

Membranes may consist of teflon, 
polyethylene, rubber, and certain 
other polymeric films- Thickness 
may Vary from 0.5 to 3 ntils (inches X' 
1/1000). A thinner membrane will r ' ■ 



decrease response time and increase 
sensitivity but Is less selective an^ 
may be ruptured more easily. The 
choice of material and itji uniformity 
affects response time, selectivity and 
durability. The area of the memb,rane 
and its permeability are directly 
related to the quantity of trdnsported 
""materials that may ; roduce a signal. > 
The permeability of the membrane 
r material is related to temperature and 
to residues acciunmulated on the 
membrane surface or Interior. A 
cloudy membrane usually Indicates 
deposition and more or less loss of 
signal. 

6 Test media characteristics control the 
interval of usable life between cleaning 
and rejuvenation for any type of 
electrode. More frequent cleanup is 
essential in low quality waters than for 
high quality waters. Reduced sulfur 
compounds are among the more 
troi^lesome contaminants. Salirdty 
aff'acts the partial pressure of oxygen 
at any given temperature. This effect 
is small compared to most other 
variables but Is signlHcant If salinity 
changes by more than 500 mg/1. 

7 Agitation of the sample in the vicinity 
of the electrode Is Important because 
DO is reduced at the cathode. Under 
quiescent conditions a gradient in 
dissolved oxygen content would be 
established on the sample side of the 
membrane as well as on the electrode 
side« resulting in atypical response. 
The sample should be agitated 
sufficient^ to deliver a representative 
portion of the m%in body of the liquid 
to the outer face of the membrane. 

It Is commonly observed that no 
agitation will result in a very low or 
negiglble response after a short period 
of time. Increasing agitation will cause 
the response to rise gradual^ untl^ 
some minimum liquid velocity-is reached 
that will not cause a further increase 
in response with increased mixing 
energy. It Is important to check 
mixing velocity to reach a stable high 
signal that is independent of a reasonable 
change in sample hnlxii^. Excessive 
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mixing may create a vortex and expose 
' the sensing surface to air rather than 
sample liquid. This should be avoided. 
A linear liquid velocity of about 1 ft/ sec 
at the sensing surface is usually 
adequate. 

8 DO sensor resf>onse represents a 
potential or current signal in the. . 
miUL-voU or milli-amp range in a 
high resistance system. A high quality 
electronic instrument is essential to 
maintain a usable signal-to-noise ratio. 
Sojne of the more common difficulties 
include: 

a Variable line voltage or low batteries 
in amplifier power circuits. 

b Subrtandard or unsteady amplifier 
or resistor components. 

c Undependable contacts or junctions 
in the sensor, connecting cables, or 
instrument control circuits. 

d Inadeqijately shielded electronic 
components. 

e Excessive exposure to moisture, 
fumes . ..emicals in the wronjg * 

' places lead to stray currents, 

internal shorts or other malfunction. 

C Desirable Features in a portable DO 
Analyzer 

1 The unit should include steady state 
performance electronic and in cheating ■ 
components in a convenient but sturdy 
package that is small enough to carry. - 

2 There should be provisions for'addition 
of special accessories such as bottle 
or field sensors, agitators, recorders, 
line extensions, if needed for specific 
requirements. Such additions should 
be readily attachable and detachable 

and maintain good working characteristics. 

3 The instrument should include a 
sensitivity adjustment whi^ upon 
calibration will provide for direct 
reading in terms of mg of DO/liter. 



4 Temperature compensation and temp-., 
eratiire readout should be incorporated. 

5 Plug in contacts should be positive, 
sturdy, readily cleanable and situated 
to minimize contamination. Water 
ideals should be provided where 

, ' necessary. 

6 The sensor should be suitably designed 
for the purpose intended in terms of 
sensitivity, response, stability, and 
protection diulng use. It should be 
easy to clean, and reassemble for use 
with a minimum loss of service time. 

7 Switches,- connecting plugs, and con- 
tacts preferably should be located on 
or in the instrument box rather than 
at the "wet" end of the line near the 
sensor. Connecting cables should be 
multiple strand tb minimize separate 
lines. Calibration controls shotild be 
convenient but designed so that it is 
not likely that they will be inadvertently 
shifted during use. 

8 Agitator accessories for botilc use 
impoite special problems bec&t\ae they 

■ rr> should be small, se'i contained, and 
readily detachable but sturdy enough 
to .give positive agitation and electrical 
continuity in a wet zone. 

9 Major load batteries should be 
rechargeable or readily replaceable. 
Line operation should be feasible 
wherever possible. 

10 Service and replacement parts avail- 
ability are a primary consideration. 
Drawings, parts identification and 
trouble shooting memos should be 
incorporated with applicable operating 
instructions in the izistnmient manual 
in an informative organized form. 

D Sensor and Instrument Calibration 

The instrument box is likely to have some 
form of check to verify electronics, 
battery' or other power supply conditions 
for use. The sensor commonly is not 
included in this check. A known reference 
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sample uaed with the instrument in an 
operating mode is the best avallq^^le 
method to compensate for sensor variables 
under tsse conditions. It is advisable to 
calibrate before and after daily use under 
test cmditions. Severe coaditionsycfaanges 
in conditions, or possible damage call for 
calibrations during the use period. The 
readout scale is likely to be labeled - 
calibration is the basis for this label. 

The folloiwing procedure is recommended: 

1 Turn the instrtmient on and allow it to 
reach a stable condition. Perform the 
recommended instrument check as 
outlined in the. operating' manual. 

2 Tlie instrument check usually includes 
an. electronic zero correction. Check 
each instrument against the readout 

. scale -with the sensor immefrsed in an 
agitated solution of sodium sulfite 
containing sufficient cobalt chloride to 
catalyze the reaction of sulfite and 
oxygen. The indicator should stabilize 
on the zero reading. < If it does not. it 
may be the result of residual or stray 
currents, internal shorting in the 
electrode, or membrane rupture. 
Minor adjustments may be made using 
the Indicator rather than the electrcmic 
coxtrols. Serious imbalance requires 
electrode reconditioning if the electronic 
check is O.K. Sulfite must be carefully 
rinsed from the sensor until the readout 
stabilizes to prevent carry over to the 
next sample. 

3 Fill two DO bottles with replicate 
samples of clarified water similar to 
that to be tested. This water should 

not contain significant test interferences. 

4 Determine the DO in one by the azide 
modification of the iodometric titration. 

5 Insert a xnagnetic stirrer in ihe other 
bottle or use a probe agitator. Start 
agitation after insertion of the sensor 
assembly and note the point of 
stabilization. 



a Adjust the instrtmient calibration 

control if necessary to compare 
^ with the titrated DO. 

b If sensitivity adjustment is not 
TOSsible. note the instrument 
su^bilization point and designate 
it as ua. A sensitivity coefficient. 

is equal to ^ where DO is the 

titrated value for the sample on 
which ua was obtained. An unknown 

DO then becomes DO » ^ . This 

factor is "Applicable as long as the 
sensitivity does not change. 

■ 6 Objectives of the test program and the 
type of instrument influence calibration 
requirements. Precise work xD&y 
Require calibration -at 3 points in the 
DO range of interest instead of at zero 
and high range DO. One calibration 
point frequently may be adequate!. 

' Otlibration of a DO sensor in air is a 
quick test for possible changes in 
sensor response. 'The difference in 
oxygen content of air and of water is 
too larg&.for air calibration to be 
satisfactory for precise calibration 
for use in water. 



IV This section reviews characteristics of 
several sample laboratory instruments. 
Mention of a specific Instrument does not 
imply USEFA endorsement or reconimendatlon. 
No attempt has been made to include all the 
available instrumcmts; those described are 
used to Indicate the approach used at one 
stage of development which may or may not 
represent the current available model. 

A The electrode described by Carrit and 
Kanwisher ,1) is illustrated in Figure 3. 
This electrode was an early example of - 
those using a membrane. . T|ie anode was 
a silver - silver oxide referfence cell with 
a platlniim disc, cathode (1-3 cm diameter). 
The salt bridge consisted of N/2 KCl and 
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KOH. The polyethylene membrane was 
held in place by a retaining ring. An 
applied current was usea in a polarographic 
mode. Temperature effects were relatively 
large. Thermistor correction was studied 
but not integrated with early models. 




B The Beckman oxygen electrode Is another j 
illustration of a polarographic DO sensor 
(Figure 4). It consists of a £old cathode, 
a sUver anode, an electrolytic gel con- 
taining KCl, covered by a teflon membrane. 
The instrument has a temperature readout 
and compensating thermistor, a source 
polarizing current, amplifier with signal 
adjustment and a readout DO scale with 
recorder contacts. 
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The YSI Model 51 (3) is illustrated in 
Figure 5 . This is another form of, 
polarographic DO analyzer. The cell 
consists of a silver anode coil, a gold ' 
ring cathode and a KCl electrolyte with 
a teflon membrane. The instrument has 
a sensitivity adjustment, temperature and 
DO readout. The model 51 A has temp- 
erature compensation via manual preset 
dial. A field, probe and bottle probe are 
available. 



YSI Medal 51 DO S«< 




KCL Sotulion 
Anoda Cell 

Calhoda ling 



The Model 54 YSI DO analyzer (4) Is based 
upon the same electrode configuration but 
modified to include automatic temperature 
compensation, DO readout, and recorder 
jacks. A motorized agitator bottle probe 
Is available for the Model 54 (Figure 6). 

Til m»4»> M <l»iM»»r*k> 



Figure 4. THE BECKMAN OXYGEN 
SENSOR 
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The Galvanic Cell Oxygen Analyze:? (7, 8) 
employs an indicator for prbportionj.1 DO 
signal "but does not include thermistor 
compensation or signal adjustment. 
Temperature readout is provided. The 
sensor includes a lead anode ring, and 
a silver cathode with KOH electrolyte 
(4 molar) covered by a membrane film 
(Figure 7). 

PrvcifUn OaUvnic C*ll ,OKrfi>n ftmkm 



Th*»iniil»« C«bl« 
R mim In •* 




l»md An»d» Ring 



The Weston and SUc)c Model 300 DO 
Analyzer (8) has a galvanic type setiSor 
•with a pulsed current amplifier adjustment 
to provide for signal and temperature 
compensation. DO and temperature 
readout Is provided. The main power 
supply is a rechargeable battery. The 
sensor (Figure 8) consists of a lead anode 
coil recessed In the electrolyte cavity 
<50% KI) with a platinum cathode In the tip. 
The sensor Is covered with a teflon mem- 
brane. Membrane retention by rubber 
band or by a plastic retention ring may be 
used for the bottle agitator or depth 
sampler respectively. The thermistor 
and agitator are mounted in a sleeve that 
also provides protection for the membrane. 



The EIL Model 15 A sensor is illustrated 
in Figure 9. This is a galvanic cell with 
thermistor activated temperature com- 
pensation and readout. Signal adjustment 
is provided. The illustration shows an 
expanded scheme of the electrode which 
when assembled compresses into a sensor 
approximating 5/8 inch diameter and 4 inch 
length exclusive of the 'enlargement at the 
upper end. The anode consists of com- 
pressed lead shot in a replaceable capsule 
(later models used fine lead wire coils), 
a perforated silver cathocie sleeve ai'ound 
the lead is covered by a mcmJjran^i film. 
The electrolyte is saturated potassium 
bicarbonate. The large afea of lead 
surface, silver anu membrane provides 
a current response of 200 to 300 raicro- 
amperes in oxygen saturated water at 
20OC for periods of up to 100 tiayji use (8). 
The larger electrode displacement favors 
a scheme described by Eden (9) for 
successive DO readings for I30D purposes. 



V Table 1 summarizes niajor characteristics 
of the sample DO analyzers descrilji-ri in 
Section IV. It must tie noted that an ingenious" 
analyst may adapt any one of these for spycial 
purposes on a do-it-yourself pro^jram. The 
sample instruments are mainly des'^ned for 
laboratory or portable field use. Those 
designed' for field monitoring purposes may 
include similar designs or alternate designs 
generally employing larger anode, catliode, 
and electrolyte capacity to approach better 
response stability with some sacrifice in 
response time and. sensitivity. The elccti-onic 
controls, recording, telemetering, and 
accessory 'apparatus generally afe semi- 
permanent installations of a complex nature. 
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TABLE 1 

CHARACTERISTICS OF VARIOUS LABORATORY DO INSTRtTMENTS 

DO ^ Temp, 





Anode 


Cathode 


Elec 


Type 


Membr 


Sig.. 
Adj. 


Comp. 
Temp. Rdg. 


Accessories for 
which designed 


Carrit & 
Kanwisher 


silver - 
silver ox. 
ring 


Pt 
disc 


KCl 
KOH 
N/2 


pol* 


polyeth 


no 


no ' 


Recording tamp, 
•& signal ad/ self 
assembled 


Beckman 


Aq 
ring 


Au 
disc 


KCl 
gel 


pol 


tefloQ 


yes 


yes 
yes 




Yellow Springs 

51 .. 


Ag 

coU 


Au 
ring 


KCl . 

soln 

sat. 


pol 


teflon 


yes 


no* 
yes 


field and bottle 
probe ' \ < 


Yellow Springs 
54 


— n 


~— n 


— II 






yes 


^JS 

yes ; . 


recording field 
. bottle & agitator 
probes 


Precision ' 
Sci 


Pb 
ring 


silver 
disc 


KOH 
4N 


galv**i>olyeth 


no 


no 
yes 




Weston it 

Stack 

300 


Pb 

coU ' 


Pt 

disc * 


■KI 
40% 


galv 


teflon 


yes 


yes < 
• yes 


l^'agit. probe 
depth sampler 


EIL 


Pb 


Ag 


KHCOg 


galv 


teflon 


yes 


jres 

yes ) 


recording 


Delta 
75 


Lead 


SUver 
disc' 


KOH 
IN 


galv 


teflon 


yes 


yes 
no 


'field botUe & 
agitator probe 


Delta 
85 


Lead 


SUver 
. dis c 


KOH 
IN 


galv 


teflon 


yes 


yes ■ 
yes 


field bottle it 
agitator probe 



**Galv - Galvanic (or voltametrlc) 
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BIOCHEMICAL OXYGEN DEMAND TEST PROCEDURES 



I CKYGEN DEMAND OF POLLUTED 
WATERS 

Established practice includes coznxnozi use 
of the BOD test as a tool for estimation of 
the blo-oxidizable fraction of surface waters 
or wastewaters discharged to them. Any 
index including a quantity per unit time such 
as the BODg is a rate expression. The 
ultimate demand is more important than any 
one point on the progression. The results 
of a bottle test with minimum seeding and 
'quiescent storage are not likely to be as 
high as those on the same influent in a mix- 
ing situation and abundant seed of secondary - 
treatment or receiving waters. The BOD 
^8 "a ' fraction of total oxygen requiremenis. 

.A The particular technique used for BOD 
commonly Is speciAed by State agencies 
and/or supervisors. They are required 
to interpret the results as obtained by 
laboratory testing. It is essential that 
the tester and the interpreters have a 
common understanding of what was done 
and how. It is' highly advisable to main- 
tain a given routine until all concerned 
agree upon a change. 

1 Each particular routine has many un- 
definable factors. The particular 
' routine is not as Important as the con- 
sistency and capability with which the 
result ivas obtained, 

. 2 Hils outline and Standard Methods* 

discusses several valid s^p roaches for 
obtaining BOD result^. Selection of 
"method" is not intended in this outline* 
or in the EPA Methods Mfenual*^). 

^ ^'^y Incubation period for * 

BOD testing is a result of tradition and 
cost. Initial lags are Ukely to be over 
and some unknown fraction of the total 
ojddizable mass has been satisfied after 
5 days. 

C A series of observations over a period of 
time makes it possible to estimate the* 
total pxidizable mass and the fraction 
oxidized or remaining to be oxidized at 

• any given time. The problem is to define 



the shape of the deoxygenation pattern and 
its Urn its. A fair estimate of the shape of 

^ jxygenatiop pattern' Is available by 
oi. iaons at 1. 2, or 3 days« 7 days 
^ and 14 days. Increased observations are 
desirable for more valid estimates of 
curve shape, rate of oxidation and total 
oxidizable mass c ultimate BOD. 

D Increasing impoundment of surface waters ' 
and concurrent increases In complexity 
and stability of wastewater components 
emphasize the imjSortance of long-term 
observation of BOD The 5-day observation 
includes most of the readily oxidizable 
materials but a very small fraction of the ^ 
stable components that are th? main factors 
in impoundment behavior. 



n DIRECT METHOD 

A With relatively clean surface waters, the 
BOD may be determined by Incubation of 
the undiluted sample for the prescribed 
time Interval. This method Is applicable 
only to those waters whose BOD Is less 
than 8 mg/1 and assumes the sample 
contains suitable organisms and accessory 
nutrients for optimum biological 
stabilization. r 

B Treated effluents, poll rtet* surface waters, 
household and industrial wastewaters 
commonly require dilution ta provide the 
excess oxygen required for the oxygen 
demana dote rmination. G e ne ral guideline s 
for dilution requirements for a given BOD 
raiige in termtf of the percent of sample in 
BOD dilution water are: 

For a 5 -day BOD of *■ 
^ 5-20 mg/ 1, use 25 to lOOTf sample 

For a BOD of 

20-100 mg/1 , use 5 to 257c sample 

For a BOD of 

100-500 mg/ 1, use 1 to 57c sample - 

For a BOD of 

500-5000 mg/ 1, use 0. 1 to 1. 0T< sample 

III PROCEDURES 
A Cylinder Dilution Technique 
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1 Using an assumed or estim&ted30D 

' value as a guide, calculate the factors 
for a range of dilutions to cover the ■ 
■ desired depletions. Those dilutions 
ranging from a depletion of 2 mg/l 
and a residual of 1 mg/ 1 are most 
reUable. At least three diluUonB in 
.'duplicate should be used for an^ 
unknown sample. . • ' \ * 

2 Into a one-liter graduate cylinder (or 
larger container if necessary) measure . 
accurately the required amount of jnlx^d ' 
sample to give onejlter of diluted waste. 
Fill to the one liter mark with dilution 
Miater. Carefully mix. The initial DO by 
calculation includes IDOD (VIII) a 
determined initial does not. Both are 
essential to estimate significance of 

/ IDOD. Entrapment of air bubbles during 
j manipulation must be avoided. 

I 3 Siphon the mixture frpm the cylinder into 
/ three 300 ml glass stoppered btttles, 
I filling the bottles to overflowing. ^ 

J 4 • Determine the DO concentration on One 
of .the bottles by t^e appropriate ' 

' Winkler modification and record as 
"Initial DO". r ' 

5 Incubate the two remaining bottles at 
20°c in complete darkness. The 
incubated bottle? should be water- sealed 
by inunersion in a tray or by using a 
special water- seal bottle. 

6 After 5 days of i/icubation. or other . 
desired interval, determine the DO on 

the bottles. Average the DO concentration 
of the duplicates and report-as "Final I>0". 

B Direct Dilution Technique 

1 It may be more convenient to make the 
dilution directly In sample bottles of 
known capacity. A measured volume of 
sample may be added (as Indicated In 
AtD above, and the bottle filled with dilution 

, water to make the desired sample 
cpncentration for Incubation. Irj this 
casr, the sample must be precisely 
measured, the bottle carefully filled, 
but not overfilled, and the bottle vo'lumes 

• comparable and known. Precision Is ' 
likely to be poorer than for cylinder 
dilution. • .. 

2. Continue the proce'dure as In A-4, 5, 
and 6 above. 



C Seeded Cylinder Dilution Technique 

1 Many wastewaters may be partially or 
completely sterile as a result of 
chlorination, effects of other toxic 
chemlcalQ, heat, unfavorable pH or 
other factors detrimental to biological 
, .*. .activity. Validity of the BOD result 
■ -depends upon the presence of organisms 
capable of prompt dn'd effective blo- 
degradation and favorable conditions 
during the particular test. " Correction 
of the cause resulting in sterilization 
must be corrected by adjustment, 
dilution, etc. , prior to reinoculation to 
achieve meaningful BOD idata. Receiving 
water, biologically treated effluc?nts; and 
soil suspensions are a good source of 
organisms likely to be adapted for 

■ stabilization of wastewaters. Untreated 
' wastewaters provide numerolis organisms 
but are likely to contain nutrients 
cont]^ibuting to excessive seed corrections 
and may require appreciable time for 
adaptation before test waste^oxldatlon 
becomes significant. . - 

- 2 -The amount of added inoculant must be 
determined. by trial. The concentration 
' added should initiate biochemical - 
activity promptly but should not exert 
enough oxyf^en demand to unduly reduce 
the oxygen available for sample * 
requirements. 

3 Estimate the sample concentration * 
desired in accordance with A-1 and 

C-2 above and a'dd the sample aliquot to the 
dilution cylinder. 

4 Add approximately half of the required ' 
amount of dilution water to the sample 
and mix. This Is necessary to assure, 
that the concentrated waste does not 

' exert a toxic effect on the seed organisms: 

5- Measure a suitable aliquot of seed Into . 
the bottle or cylinder and fill with \ 
dilutloti water. Mix the combined sample, 
seed and dilution water without excesBl*'8 
air entrainment. 

6 Continue as In m-A ^teps 4, 5, anf*. 6 above. 



IV INTERPRETATION bp RESULTS 

(1) ^ 
Standard Methods includes a calculation • 

section that Is valid anii concise. Preceding 

It are details of reagent p.reparatlon and 
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procedures for the test. These will not be 
reprinted here. This section consid -s 
certain items that may cause concern about" 
the validity of results unless they are care- 
fully considered and controlled. 

A The initial DO of the BOD test obvipusly 
should be high. The /nethod pf attaining 
a hi^ DO can trap the analyst, 

1 Aeration of dilution' water is the most 
commonly considered treatment. 
This technique does produce a high- DO 
but it is a treachexous ally. 

a Dirty air parsing through clean 
dilution yater can produce dean 
air and dirty water . This is a 
simple air-washing operation. 
Filtering the entering air streani 
may remove- brickbats and 2 x 4's, 
but filters tend to pass organic ■ 
gases, fine aerosols, and partic- 
ulates.^ 

■ ' b ;A stream of air passing through '■ 
water tends to cool the water by ' 
evaporation^ 1 to 3*^0 below ambient 
temper . . re. The ^ool^d liquid 
picks up more DO than it can hold 
. at ambient temperature. The 
physical loss of oxygen may produce 
an em>neously high depletion value 
r, , for a; determined initial DO, or a 
^ , low. depletion on a calculated 

initial DO. . Erroneous blanks are 
a particular concern. The dilution 
water temperature /DO shift is 
critical. 

2 Raiding DO by allowing the sample to 
equilibrate in a cotton -plugged bottle 
for 2 or 3 days permits oxygenation 
with minimum air volume contact. 

3 /Shaking a partially fmed bottle for a 

few seconds also oxygenates with min- 
, Irjnum opportunity of gas washing con- 
tamination, supersatur&tlorr, or 
temperature changes. 

."B Seeding always Is SLprecarloua procedure 
but a very necessary one at times. Often 
the application of seed.correctlons Is a 



if you do, if you don't" 

situation. Hopefully, seed corrections « 
are small because each individual 
biological situation is a "universe" of 
* its own. 

1 Unstable seeding materials such as 

, fresh wastewater have "seed" organisms 
characteristic of their origin and 

, history. Saprophytes resulting in 
surface water stabilization may be a 
small fraction 'of the population. Re- 
actable oxygen-demanding components 
proc^uce excessive demands upon test 
oxygen resources. - 

2 A seed containing viable organisms at ' 
a lower energy state because of limited 
nutritional availability theoretically is / 
the best available seed source.- An f 
orgahism population grown under 
similar conditions should be most 
effective for initiating biochemical 
activity as soon as the nutrient situation 

. . favors more activity. The-populatlon 
shoulu not be stored too long because 
' organism redistribution and die-out - 
become limiting. This itype of seed 
would most likely be found' in a surface 
water or a treatment plant effluent 
with a history of -recqiying the particular 
material under consideration. • 

3 Seed sources and amounts can onl^ be 
evaluated by trial. Different seed 
sources and locations require checkout 
to determine the beat available material 
from a standpoint of rapid initiation of * 
activity, low correction, and predictable 
high oxygen depletion under test, 

C Chlorination and BOD results fundamentally 
are incompatible. Chlorination .objectives' 
include disinfection as the number "one - 
goal. Chlorine is. notoriously non-specific 
in organism effects. ' Chlorine acta like 
an oxidant in the DO determination. Teat 
organiama are lea a suitable for activity 
than the^'were before chlorination. 
Nutrients may be lea a available after 
chlorination. Certainly the conditlona are 
leas suitable for biolo gical reaponse after 
chlorination. Dechlorinajtlon is feasible • 
with reSpecJ to the oxidizing power of 
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chlorine, but many o^rganic chlorine com- 
pounds that do not show strong oxidizing 
/ action still have toxic effects on biologic 
response. 

Niinlbers are obtainable after dechlorination 
and reseedlng. ^ The meaning of these 
^ ^ numbers is obscure. At least two states' 
(New'York and New Jersey) specify BOO's 
before chlorination only. 



V PRECISION OF THE BOD TEST 

■ A The DO test precision often has been used 
to suggest precision of the BOD result. 

DO precision is a relatively minor and 
controllable factor contributing to BOD 
results, ether factors such as organism 
suitability, members, adapta^tion and 
conditional variables are much more 
difficult to control or to evaluate. 

B The Analytical Reference Service report 
on Water Oxygen Demand, July, 1960 
(Sample type VII) included the results of 
seeded samples of glucose-glutamic acid 
BOD results from 34 agencies on 2, 3, 5 
and 7 day incubations. 

The relative geometric standard deviation 

■ (average) was 19% on 2% sample and 24% 
on i% sample concentrations. Rate 
coefficients ranged from 0. 10 to 0. 27 with 
a median of 0. 16 from 21 different 

■ laboratories that participated in rate studies. 



VI ALTERNATE BOD TECHNIQUES 

Reaeration methods are becoming increasingly 
popular in order to approach more nearly the 
actual waste concentration in the receiving 
water. It is common to obtain "sliding" BOD 
results relatccl to the concentration of waste 
in a series of diliitions of the same sample. 
This may result from greater possibilities 
for toxic effects at higher concentrations, or 
to a different selection of organisms and change 
in oxidation characteristics at low concentrations 
of .»ample. The most reliable estimate of stream 
behavior is likely to be from that dilution closest 
to the- wastewater dilution in the receiving water. 



A Reaeration can be accomplished by the 
usual series techniques by dumping all of 
the remaininf; sealed bottles into a common 



container when the residual DO reaches about 
l.Omg/r.- After reoxygenation, the remaining 
bottles are refilled and a new initial DO 
determined. Subsequent dissolved oxygen 
depletions are added incrementally as a 
siunmation of the total oxygen depletion 
from the start of the test. If necessary, 
the reaeration technique may be perforrned 
several times but at a sacrifice of double 
DO determinations for each day on which 
reaez^ation occurs. 

B Special methods of reaeration have evolved 
to minimize the extra manipulation for 
reaeration of individual sample dilutions. 

1 Elmore Method 

A relatively large volume of the sample 
is .stored in an unsealed bottle. Small 
bottles^are withdrawn in sets of 5 or 
more, sealed, incubated, and the DO 
determined at appropriate intervals. 
When the DO concentration in the smaller 
bottles reaches 1. 0 mg/l , a new set is 
withdrawn from the large unsealed 
bottle, after reoxygenation if necessary. 

2 Orford Method 

The deoxygenation is carried out in a 
large sealed jug from which samples 
for DO are withdrawn at appropriate 
intervals. To maintain the waste level 
and a sufficient DO in the jug, additional 
waste is added from a second open 
container. See diagram. 

C Excess oxygen may be provided by 
oxygenation with commercial oxygen 
instead of with air to increase the initial 
oxygen content for incubation while limiting 
the number of dilutions or reaeration stepd. 
When oxygen is used in place of air the 
oxygen saturation in water at 20°C is about 
40 mg/l instead of 9 mg/l. Limited results 
are available,.hence the analyst must verify 
his technique. The DO tends to decrease 
as soon as the bottle is opened hence, about 
35 nig/1 of oxygen content is the top of the 
practical working concentration. There has 
been no evidence that the biota is inhibited 
by the higher oxygen content with respect 
to BOD progression. 

D Reaeration or Oxygenation Advantages and 
Limitations. 

1 Reaeration expands the range of BOD 
results obtainable directly at field 
concentrations, but is not advisable for 
applications when the sample BOD 
exceeds 50 mg/ 1. 
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2 Dilution water problems are eliminated, 

, ^ to the extent that the stream sample may 
be tested without dilution, 

3 Incubator storage space becomes a real 
problem for multiple sample routine, 

^fll ' Dissolved oxygen electrodes, polarographic 
and others* are feasible for use in BOD 
determinations, often making it possible to 
make an estimate of DO or BOD when sample 
interference prevents a valid Winkler DO 
determination. 

Electronic probe DO makes it posalble to 
determine many successive DO»s at different 
time intervals on the same bottle with 
negligible sample loss, Reaeration or 
extended time series, therefore, are more 
feasible. 

Another outline in this series describes 
response of reaerated BOD^ with electronic 
DO probes. ^ 



A It is the responsibility of the analyst to 
evaluate: 

1 Applicability of the specified technique 
and s^miple, 

2^ To determine requirements for mixing 
and possiblejthermal'cffects while 
mixing in terms of instrument response 
and biochemical reaction. 

3 To evaluate long-term calibration or ' 
.standardization and their effects upon 
precision and accuracy of the BOD 
result 



Vm IMMEDIATE DISSOLVED OXYGEN 
DEMAND (IDOD) 

^mediate dissolved oxygen demand includes 
dissolved oxygen utilization requirements of 
substances such as ferrous iron, sulfite 
and sulfide which are susceptible to high 
rate rhemical oxidation. 



REAERATION METHODS FOR B.O.D. DETERMINATION 




sealed boHUs 
ELMOtE METHOD 




d.o. lamplei 
OKFORD METHOD 



4^ 
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A The IDOD is an apparent response as 
indicated by a specified technique. Since 
DO titration is based upon iodine titration, 
any factor that causes In response different 
frono that produced by tne reaction of KI 
and molecular oxygen confuses the IDOD 
determination, 

B IDOD Determination 

1 The IDOD determination includes the . 
deterttii nation of IX) on a sample and 
dilution water separately. A waste 
likely to have a significant IDOD is 
unlikely to show a DO. 

2 According to mixing theory, it should 
be possible to calculate the DO of. any 
definite mixture of the sample and 
dilution water from the DO of compQnent 

' parts and their proportion. 



3 * The same relative proportions of sample 

and dilution water should be mixed 
without air entralriment and the DO 
^rJiV'^^l^^A^uFeS ^ arbitrarily selected 

4 Any difference between the calculate 
initial DO £^s obtained in 2 above, arid 
the DO deterr^ined in 3 above, may be 
designated as IDOD. 

5 Sample aeration. DO interference, and 
other factors affect results for IDOD. 

C .Sample Calculation of IDOD 

1 Sample DO checked and shown to 
be 0. 0 m^/ 1 



Dilution water DO found to be 8. 2 mg/ 1 

Assume a mixture of 9 parts of dilution 
water and 1 part (V/V) of sample. 



Calculated DO > 

1X0=0 

9X8.2=73.8 

10 parts of the mixture contain 73. 8/10 
or 7. 4 mg DO/ 1 . Note that mixing has 
reduced the DO concentration because 
the original amount is present in a 
larger package. 

2 The mixture described above was held 
for 15 minutes and the DO determined 
was 4. 3 mg/l . 

IDOD = DO , - DO . , X 'QQ. . 

calc dctm 7c sample 

used 

=7.4 - 4.3 y 10 
= 31 mg IDOD/ 1 
REFERENCES 

1 SUndard Methods. 14th ed. 1975. 

2 Methods for Chemical Analysis of 
Water & Wastes, U. S. Environmental 
Protection Agency, Environmental 
Monitoring & Support Laboratory, 
Cincinnati. Ohio* 45268, 1974, 

• This outline was prepared^y_F. J. Ludzack. 
former Chemistr National Training Center* 
MOTD.. OWPO. USKKA. Cincinnati. Ohio 

Descriptors ; Biochemical Oxygen Demaod* 
Chemical Analysis* Dissolved Oxygen, 
Water Analysis, Analysis* Wastewater 
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I INTRODUCTION 

A Customary dilution technique has certain 
limitations with respect to the BOD 
determination such as a prior commit- 
ment on sample dilutions to be used, 
number of bottles to be included to permit 
^yinkIer DO determinations to be made 
throughout a predetermined test interval, 
(with sample destruction for each DO test), 
possibility for anomalous effects dre to 
dilution water, dilution, or inconsistent 
response between test bottle?; 

,B DO probe technique offers the advantages 
of nondestructive DO testing, possibilities 
of adjusting routine according to sample 
behavior during test, and retaining the 
sample with minor losses for long term 
observation (if desired) and for supplemen- 
tary tests at the end Of the BOD test 
interval. ^ 

Note; Use of the probe results in a loss 
of about 1/2 ml of each 300 ml sample. 
Use dilution water with a glass, rod or 
bead to bring the 'sample volume back to 
300 ml for further testing. 

C This test was performed in triplicate on 
the same sample at 100% concentration 
with reaeration as needed to illustrate 

, results obtainable. 



n PROCEDURE 

■X. 

A Sample 

Final effluent (catch sample at 1100 hours) 
of the Advanced Waste Treatment Research 
Activated Sludge (Unit B) Sanitary Engineering 
Center Experimental Wing (September 3, 1970) 
One hundred percent concentration. 

B DO Probe Calibration 

The probe was calibrated daily in air 
saturated tap water versus the azide 



modification of the iodometric titration. 
A replicate test bottle of the titrated 
sample was retained Tor initial probe 
adjustment, if necessary, and to re.check 
sensor response at the end of the use' 
period. Zero sensor response in cobalt 
treated sulfite solution was checked at 
three day intervals. Electronic responses 
and battery condition were chcv-kud daily. 

C Reaeration 

1 When the DO test indicated 1. 0 mg 
DO/liter or appeared likely to reach 
that point pi'ior to the next test reading 
the test bottles were reaerated and a 
new initial DO was obtained. 

2 An adapter was inserted into the neck 
of the sample bottle indicating low DO 
and an empty bottle inserted on the. 
opposite end. The combination was — 
shaken vigorously, _while in an inverted 
position to allow the transfer of sample 
to the empty b9ttle; immedla.tely after 
transfer the -combination was reinverted, 
shaken as before and sample returned ' 
to the ori^jlrial bottle. * 

3 The sample was allowed to stand for 
at least five minutes to allow entrained 
air to rise (generally formed a froth 
ring). The froth rin. was raised into 
the neck of the bottle by displacement 
with about 1/2 ml of dilution water. 

It usually was necessary to tilt the 
bottle slightly and roll it to sweep 
fine air bubbles off the shoulder of the 
bottle and into the neck. After careful 
reinsertion of the DO sensor these 
bubbles were displaced by tipping the. 
assembly and discarding contents of 
the BOD bottle lip containing the frothy 
residue. 

4 tt is recognized that surface active 
materials and possibly other components 
would Concentrate In the discarded froth. 

. It would be possible to limit this effect 
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by allowing a longer time for the froth- 
to break--say 15 to 30 minutes. This 
was not attempted for this demonstration. 

D No attempt was made to determine DO at 
any regular time Interval. Observation 
time Is recorded for each test on a 
24-hour clock basis with zero time at 
midnight. 

E Results are recorded In tabular form 
Including the date (Column 1), time In 
hours (2), sample temperature (3), hours 
of incubation (4)« and the triplicate sample 
data. For each of the samples the 
observed DO« the change since the last 
observation ( NX)) and the summation of 
all the DO depletions observed during 
the Incubated interval are recorded as 
L ADO. A bold face line In the tabulated ~ 
data In the DO column Indicates DO before 
reaeratlon; the number below the line 
InHlcatcs DO after reae ration to be used 
as a new Initial for the iSext observation. 

:P Near the end of the fifth day of Incub^itlon 
(116 hours) one of the triplicates (no. 3) 
was not reaerated to check the effect of 
complete depletion of oxygen. It was 
reaerated on the following day and thereafter. 

G The results plotted in graphic form are 
presented following the BOD tabular data. 

H The results of a slmll&r respiration test 
on 'mixed liquor from the same activated 
sludge units are tabulated to show the 
effects of different types of feed on DO 
depletion (respiratory activity). In this 
case, time is In minutes. DO is In mg/1 
and .^DO/ minute also is In mg/1. The 
first test In Table 2 represented 100 ml 
of return sludge plus plant effluent to fill 
the bottle. Approximately one iiercent 
nutrient agar solution was added by 
syringe (1.0 ml) to produce the response 
noted In the second series: one nil of five 
percent mercuric chloride produced the 
effects In series 3, A new replicate 
sample (100 ml sludge) and plant influent 
to fill the bottle produced the results In 
series 4. 



m SUMMARY 

A Table 1 shows that it is possible to obtain 
consistent results using a DO probe plus 
reaeratlon for BOD technique. The 
major requirement is to carefully calibrate 
the DO Instrument and sensor on a dally 
basis. It is not recommended to reaerat^^ 
as many times as found necessary here. 
It could have been diluted at any time 
since the sample was available. Had 
the BOD response at five; days been 
substantially .complete only two. \ 
reaeratlons would have been necessary. 
However, since the sample was working 
into second stage BOD it proceeded to 
react accordingly. The oxygen demand 
of 15 mg/llter at five days increased to 
30 mg/llter in seven days a-nd reached 
45 mg/llter In ten days. The sample that 
was allowed to deplete on the fifth day 
slowly recovered but by the twelfth day 
or thereafter equaled or exceeded the 
BOD of the samples with residual DO at 
all times. This technique requires much 
less incubator space; time and manlp~ 
ulation with an added advantage of 
retaining the sample for adjustment or 
extended observation. The results do 
not depend upon a preconceived guestlmate 
which may or may not fit the situation. 

B Table 2 Indictttes the possibility for 
estimating feed acceptability In an 
activated sludge treatment plant. On 
many occasions an Inquiry from an 
' industrial plant, a different type of 
inflow or perhaps a new plant requires 
a decision regarding effects at the treat- 
ment plant. A respiration test by probe 
technique offers an opportunity to rate 
the situation within ten minutes after 
pf obe calibration. A test of sludge and 
effluent oxygen demand gives an estimate 
sludge respiratory activity now. When the 
same sludge is subjected to a new feed of 
an acceptable nature respiratory activity 
rises as in series 2. If the feed happened 
to be highly toxic as in series 3 (mercuric 
chloride) respiratory activity stops-- 
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obviously a dead or severely shocked 
condition. A replicate sludge (Series 4) 
with the regular plant influent shows a 
prompt increase in activity. Oxygen 
requirements^ permissible load ratio, 
acceptable feed to sludge ratios (return 
sludge adjustment) all may be estimated 
on the basis of DO tests related to overall 
plant performance. 

C The graphic of BOD versus time includes 
the COD--an estimate of first stage 
oxygen demand and the TKN for the 
composite effluent sample, If the total 
Kjeldahl nitrogen (TKN) is multiplied by 
its oxygen equivalent (4, 57) then the COp 
plus 4, 57 times TKN gives an estimate of 
ultimate oxygen demand (138 mg/1). . 



The twenty day BOD was about 55 X 100/138 
or forty percent of this value. The effluent 
sample obtained at 1100 hours is unlikely 
to contain a significant portion of the high 
load period considering the primary* 
aerator and secondary clarifier detention. 
Also the COD and TKN may have included 
nnaterials that were chemically oxidized 
but gave a poor response to 'jiological 
oxidation. The BOD givep the rapid 
respiratory oxygen demand. COD plus 
the oxygen equi*/alent of N (on the same • 
sample) gives a quick estimate of potential 
ultimate demand. 



This outline was prepared by J. Ludzack* 
former Chemist* National Training Center. 
MOTD, OWl^O. USEPA. Cincinnati. 
Ohio 45268. 



Descriptors; Analysis, Biochemical Oxygen 
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TABLE 1 

BOD Tabulated ReeultB - Reaerated Sample; Probe DO 
9/3/70.. 100% Sample 



Date 
9/3/70 
9/3/70 
9/3/70 
97^/70 

~9/4/70 
9/6/70 

9/B/7Q 


Time 
1340 
1355 
1620 
1010 

1600 
1340 

0940 


TOC 
24.0 
24.0 
22.0 
20.2 

20.6 
19.5 

19.8 


Hrs. 
In cub 
0 

0.25 
2.6 
20.5 

2$. 3 
72 

116 


DO 
6.7 
6.7 
6.5 
4.9 
8.2 
7.4 
1.0 
8. 1 
0.6 


Sample 
^DO 

0.2 
1.6 

0. 8 
6.4 

7.5 


1 

EADO 

0.2 
1.8 

2.6 
9.0 

16.5 


• DO 
6.7 
6.7 
6.5 
= 4.7 

- 8.3 
7.5 
1.5 
8.1 
0.5 


Samp] 
ADO 

0.2 
1.8 

0.8 
6.0 

7.6 


e 2 
CADO 

0.2 
2.0 

2.8 
8.8 

16.4 


DO 
6.8 
6.8 
6.6 
4.8 
7.9 
6.9 
1. 1 
. 7.4 
0.4 


Samp J 
ADO 

0.2 
1.8 

1.0 
5.8 

7.0 


e 3 
EADO 

0.2 
2.0 

3.0 
8.8 

15.8 


9/9/70 


1235 


20.0 


143 


8.6 
1.1 


7.5 


24.0 


7.6 
1. 1 


6.5 


22.9 


0.0 


0.4 


16.2 


9/10/70 


1200 


20.0 


166 


8.2 
1.0 


7.2 


31.2 


8.2 
1.2 


7' 0 


29.9 


7.6 
2.0 


5.6 


21.8 


9/11/70 


0800 


20.0 


186 


8.2 
1.2 


7.0 


38.2 


8.6 
1. 1 


7.5 , 


37.4 


8.0 
2.0 


6.0 


27. 8 


9/11/70 


1400 


20.0 


192 


8.4 
5.0 


3.4 


41.6 


8.3 
5.3 


3.0 


40.4 


8.5 
5.7 


2.8 


30.6 


9/12/70 


2035 


20 


222 


8.1 
0.5 


7.6 


49.2 


8.4 

0.6 


' 7.8 


48.2 


8.6 
0.4 


8.2 


38.8 


9/13/70 


1130 


20.0 




8.2 

6.3 


1.9 


51.1 


8.2 
3.8 


4.4 


52.6 


8.2 
4.6 


3.6 


. 42.4 


9/14/70 


1200 


20.0 


262 ' 


8.3 
7.0 


1.3 


52.4 ' 


8.4 
6.9 


1.5 


53. 1 


8.3 
0.9 


7.4 


49.8 


9/15/70 


1340 


19.6 j 


283 


' 5. 7 


1.3 


53.7 


6.2 




53 . 8 ^ 


8.3 
4.5 


3.8 


53.6 


9/16/70 
♦9/20/70 


1200- 
1240 


19.3 . 
21.6 1 


310 
480 


5. 1 
3.8 


0.6 
1.3 


54.3 
55.6 


5.^ 
4.6 


1.2 


54.2 
55.4 • 


8.2 

7.2 
4.1? 


1.0 
2.3 


54. e 

56.9 



♦ Incubator power off 



47 
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TABLE 2 

ACTIVATED SLUDGE RESPIRATION DATA DO PROBE TECHNIQUE 



Time 


Temp 


DO 


ADO 


Sample 


Min 














Series 1 




0 




7.2 . 




100 ml Return Sludge & Effluent 


1 




6.6 


0.6 




2 




6.2 


0.4 




3 




5.6 


0.6 




4 


24. 5 


5.1 


0.5 




0 




4.7 


Series 2 


+ 1 ml Nutrient agar 


1 




3.8 


0.9 




2 




2.7 


1.1 




3 




1.7 


1.0 




0 


24.8 • 


4.7 


Series 3 


+ 1 ml HgClg Soln 


1 . 




4.8 






2 




4.7 


NU 




3 




4.7 






0 


24.2 


. 5.9 


Series 4 


100 ml Sludge + Influent 


1 




4.6 


1.3 




2 




3.3 


i.3 




3 




2.0 


1.3 
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H 
UJ 

MJ 



SKIP HIC OF REHEmED PRIIIE BOD RESULTS 

. . Sim 9/3/70 SMED 1100 ms . 

COMPOSITE SUMPlEIIESVLTSf on/3/70 
tOD-69 ni/llTEII . ' 
IKH-15 mi/llTEII ' . ^ ' " 
UlTIMUTE DEMmiD 130 nit/llTEI 




'0 



23 00 DETEIIMINIITIOKS 
■ 1/2 ml DISPUCED PEt ' 
OETEIMIIIIITIOII 

LOSS Jj^ nlrlOO ■ 

^^^^^^ 

300 U% 



J SAMPLE ULONED TO DEPLETE 



2[721 4 (120 



INCOBIITIDII DIYS |hr$| 

I , I I I 1 

MI03I i 12101 10I20II 12|312| H 



I 

10 



I 

20 
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I 7IME r 



A The common egtTation yj r L (1 - 10 ) for 
BOD rclationshtp indicates timr'as a 
variable. The rate coefficient (k])lndicates 
that a specific percentage of material 
initially present (oxygen) wiU'tie used 
during a given time unit. Each successive 
unit of time has less reactant present 
initially than the preceding interval, hence 
a definite precentage decrease results in 
successively smaller anibunts of reactant 
use per unit of lapsed time. Increasing 
kj results in a larger percentage oxygen 
use per unit of time and also increases the 
change in reactant mass among successive 
time intervals. 

B Adney's work for the British Royal Com- 
mission cited 5 days passage time from 
source tp.the ocean as maximum for 
English streams. The Bth Report (1909) 
largely established BOD philosophy in- 
cluding the 5-day interval. At 5 days, 
initial lags generally have terminated and 
a substantial fraction of the long-term 
oxygen demand has been exerted. If only 
one time interval can be used, 7 days 
permits better scheduling. Any one time 
interval is "a" fraction. of the total oxygen 
requirement; this is a poor reference 
point if we do not know how it arrived. 
For example, the percentage of 
9xidizable material stabilized in terms 
of oxygen use at various rate factors 
are: 



0.1)5 
0. 10 
0. 15 
0.25 
0. 50 



% oxidizecl^ 
(logjO^ in S days 



42% 
67% 
84% 
94% 
99+% 



K, (log ) 

0. H ^ 

0.23 

0.34 

0.57 

1. 



This-ran0'(K ^ 2.3 kj) is commonly en- 
countered in wuBiewater stabilization with 
the higher rates characteri^icof fresh oxi- 
dizable ixiaterial that is readily converted. 



The lower coefficients are characterislie 
of cell mass at later stages of oxidation 
and of low- rate rcactants in general. 

C The oxygen utilization at specified intcr- 
s^als of time arc required to estimate kjj 
and L,^ the estimate of oxygen use at 
infinite time. It is common to observe 
results at equal intervals of time but 
this is not essential as long as 
the time intervals are accurately known.- 
The initial time periods are critical as 
an error of. a few hours in time represents 
a relatively large change in reactant mass 
in a system at maximum instability. Un- 
equal time periods can be plotted to define 
the curve from which any given intervals 
can be selected as desired. 



D Increasing impoundment of sur&ce water 
provides more time for stabilization of 
relatively inert soluble or suspended 
pollutants and for organism adaptation 
to the situation or pollutants. Long term 
bod's are essential to indicate changes 
in the'pattern of oxygen demand vs. time. 
It may be expected that one or more 
plateaus will be evident in the BOD curve 
, followed by a temporary rise in rate 

during second stage oxidation or thereafter. 
Anaerobiosis may cause a rise in z'ate 
coefficient after aerobic conditicnK i\re 
re-established. Eventually k, stabilizes 



at very low values. 



1 Rate coefficients tend to be difficult to 

interpret during long term BOD's 
^ because of progressive changes and 
other factors. 

a The relative error of the OO test may 
be a large fraction of the incremental 
DO change during low rate periods. 

b Cell mass may agglomerate under 
quiescent test conditions and decrease 
nutrient availability. 
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c It is not likely that redycled nutrients ' 
5inder aerobic tc^at conditions wlU 
have as much effect as recycle from 
anaerobic benthic deposits in a ,^ 
stream. 

2 The BOD result tends to underestimate 
deoxygenation relative to surface water 
behavior because of interchanges, 
turbulence, biota, and boundary effects. 
Reseedlng does not occur in a sealed 
bottle but reseedlng Is inevitatile in a 
stream or treatment tmit. 

II TEMP ERA TUR.? 

Effect on Oxidation Rate 

temperature Is one of the Important con- 
ti^oUing factors in any biological system. 
In\he BOD reaction, changes in tempera- 
tur^produce acceleration or depression 
of the^rate of oxidation. Figure 1 shows ^ 
the changes in the value of k at tempera- 
tures from 0 - 25°C on a common 
wastewater. 



B Test Temperature 

In the BOD test procedure an arbitrary 
temperature is usualty selected for 
convenience even though a wide temperature 
rang* exists under natural conditions. 

Incubation of the test containers at 20°C 
for the whole period Is now accepted 
practice In the U.S. ; 18. S^C ts preferred 
In England. Camp (AS CE, SA5 9l:l, Oct. 
65) recommended light and dark bottle 
immersion in the stream. 

C Temperature Correction 

When It Is necessary to calculate the rate 
of oxidation at a temperature other than. 
20°, the following relationship may be 
used: 




where; 

kj ■ rate coefficient at temperature T^ 
kg "rate dl coefficient at temperature Tg 

8 ■ temperature coefficient, for which 
Streeter and Phelps obtained the value 
1.047. e changes with temperature; It 
appears to be higher in the range of 
5-15°C than in the range of 30 to 40OC. 
The value given refers to 15-30O. 

The cited temperature coefficient appears 
reasonable for household wastes. It may 
not apply for other wastes where developing 
or seed org&nlsms may not tolerate tem- 
perature changes as readily. A given 
temperature coefficient should be checked 
for applicability under specified conditions. 



JU pH 

A The organisms Involved In bloqhemlcal 
conversions apparently have an optimum 
response near a pH of '7.t) providing other 
environmental factors are favorable; a pH 
range of about 6. 5 to 8. 3 apparently is 
acceptable (Figure 2). Reactivity Is likely 
to be significantly lower on both sides of the 
acceptable pH range but microbial adapta> 
tion may extend the limits appreciably. ^ 
For example, trickling filters have operated 
with better than 50% treatment efficiency 
at pH 3 and 10, after adaptation. 
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/ 




'4 (i pH B IC 

B 'Adjustment of Concentrated Samples 

When wastes are more acid than pH 6. 5 or 
more alkaline than pH 8. 3, adjustment to 
pH 7.2 is advisable before reliable BOD 
values can be obtained. 

C Dilution Samples 

Standard dilution water is buffered at pH 
1.2, Samp]e>dilution water mixtures should 

checked to make sure that the sampl^ 
buffer capacity does not exceed the capacity 
of the dilution water for pH adjustment. 

IV ESSENTIA L MINERA L NUTRIENTS 

-.A. Importance 

In 1032 Butterfield reported on the role of 
certain minerals in the biochemical oxidation 
of sewage and concluded that deficient 
minerals often upset metabolic response. 
In addition, he found that inadequate nitrogen 
and/or phosphorus was a common cause of 
l^w BOD results in industrial wastewaters. 
CFi^gure 3) • . 




TIRM In Dmy 
EfTvct of MlMr«t Nutrlvnta on ROD 



B Standard Methods Dilution Water 

The dilution water specified for the BO^ 
test approximates USGS estimates for/an 
average U. ^. mineral content of surface 
water except for added phosphate buffer. 
It is assumed to provide essentiaLmineral 
nutrients for most wastewaters l^ut cannot 
be expected to meet requirements for 
grossly deficient wastewater nutrients both 
mineral and organic. Ruchhdft (S.W.J. 
13:669, 1941).,summarizcd committee d'ction 
leading to the present dilution water. 

C Other Dilution Considerations 

There is a trend toward the use of receiving 
water, storage^'Stabilizcd If necessary, to 
evaluate waste behavior. It is advisable 
to minimize dilution and consider the 
nutrient level likely in the receiving water 
as most valid. Any change in the cnvlron- 
ment« such as dilution, upsets the 
microbial balance and requires adaptive 
changes. 



MICROBIOLOGICAL POPULATION 

Need for. Complex Flora and Fauna 

Butterfield, Purdy, and Therlault (Pub. 
Health Rep* 393, 1931) demonstrated that 
an isolated species of organisms was not 
•as effective in biological stabilization as 
a variety of species. Figure 4 summarizes 
some of their data. Bhatta and Gaudy 
(ASCE, SA3, 91:63, June 1965) reinvestigated 
this factor. Many studies have emphasized 
the need for a mixed biota in the BOD test. 
It appears that bacteria are capable of 
varied activities, but all species arc not 
capable of synthesizing all required nutrients. 
Certain bacterial species may be capable 
of producing enzymes, amino acids, or 
growth factors needed for their use and by 
other species for optimum performance. 
It has been shown that oxygen demand 
becomes minimal when some limit" of 
bacterial population has been readied. 
Predation prevents such an approac'n lo 
mbximum numbers and maintains a con- 
tinuing bacterial growth and recycle of 
nutrients among a mixed population. The 
net effect is a symbiotic t elation among 
mixed organisms tending to enhance the 
rate of stabilization or utilization of 
oxygen as in the BOD test. 
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B Organism Adaptation 

1 Early investigations In relation to the 
BOD test considered domestic wastewaters 
primarily. The saprophytic organisms 
Involved In stabilization either were 
present In adequate numbers or quickly 
multiplied to attain effective populations, 

2 The period of adjustment required to 
jJhlft enz>;me production needed to utilize 
an energy squrce different f rom ,that 
previously utilized or to shlft'populatlon 
variety from that favored.by one food to 
that favored by another food Is con- 
sidered an adaptation period. Dilution, 
temperature, oxygen tension, pH, 

' ^ nutrient type. Inhibitory substances, 

light and other changes all are 4:ommon 
Inducements for microbial adaptation. 
Mutation of organisms may be encountered 
during adaptation but usually Is not a 
factor, 

3 The developments In Industry and 
technology' have resulted in discharge 
of new and more varied wastewater 
constituents. Microorganisms may 
adapt themselves to the use of a new 
substa.ice as an energy source providing 
the energy and environment are favor- 
able. The receiving stream usually shows 

V development of an adapted mlcroblota 
for a ne\v or different discharge con- 
stituent Within hours, days or weeks 
after fairly i fgular discharge. The 
time f?r adaptation depends on the nature 
' of the constituent, available energy, 
tolerance bf the organisms, and environ- 
mental conditions, 

C Seeding 

The amount of seed and Its selection must 
be determined experimentally. The. most 
effective Inoculant would be that which 
would produce the maximum BOD response 
with minimum lag period and negligible 
seed demand. This would mean some 
maximum population adapted to feed and 
doindltions at a minimum equilibrium energy 
nutrient supply. 



1 Figure 5 indicates corrected BOD 
progression on a synthetic Teed with 
river water and stale sewage Inoculants 
at several concentrations. Th« irlver 
water resulted In higher BOD with * 
negligible lag and seed correction. The 
seed correction at 20% concentration 

of Inoculant was less than 0.3 mg. 
> DO/1 at 5 days. It would be possible to 
use this river water as a dllueni without 
excessive oxygen loss to produce more 
valid BOD progression for that receiving 
water. The lower wastewater Inoculant 
concentration resulted In a definite BOD 
lag. Higher wastewater concentrations 
produced comparable BOD progression 
earlier but resulted In high seed 
corrections and lowered availability of 
dissolved oxygen for the sample. - 

2 A good secondary treated effluent 
produced results similar to river water 
Inoculation with higher seed corrections 
per Increment of applied Inoculant. 

i^'Soll suspensions also are very effective 
sources of seed organisms with minor ^ 
seed corrections If they are reasonably 
stabilized Surface soils, 

3 It appears that the BOD progressloh-' 
most nearly Indicating receiving water 
oxidation would be one based upon * 
receiving water dilution or Inoculated 
with organisms from It. 

4 A new or unusual wastewater may 
require adapted organisms not present 
In sufficient numbers in the receiving 
water. Development of an adapted seed 
from soli suspensions, plant effluents 
or receiving water may be necessary, to 
evaluate oxidation potential In a plant 
or receiving water at some ftiture time. 
Enrichment culture technique Is bene- 
ficial where small concentrations of the 
test wastewater are applied regularly 
with Increases In wastewater concen- 
trations aiB BOD or respiration activity 
Indicates Increasing toleraAce and 
oxidation of the test waste, ^ Both time 
and concentration limits are useful to 
characterize the wastewater and Its 
acceptability for biological stabilization. 
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D Algae 

When lai'K"' numbiTS of alfiae are present 
in surface waters, thi-y produce significant 
rhangert in the oxygen content, Under the 
influence of suolight excess oxy^jen is 
produced while a net deficit occurs in the 
dark. The result is a wid? variation in 
surface water DO dependifjg on sample 
time. 

When stream samples eontaming algae are 
incubated in the laboratory the algae 
survive foi- a tinie, then ilie beiausje jni the 
lack of lifjht. Short-term »01) determina- 
tions may show the influent** of oxygen 
production by the algae. V hen the algae 
die, they r'eleasO the stoced organic lopd 
for recycle and increase the BOI). Therif- 
fore/ samples incubated m the dark may 
not be representative of the deoxygenatioii 
process in the streain, since the benefits 
of photosynthesis are lackinj*. Convertsely, 
samples incubated in the light, under 
conditions of continual photosynth<>sis, 
will yield low BOD values. 



00 DEPLETION VS SEED 
rONCENrRATION £ TyPEcw Gtucost-owTAMic ac.j 



RIVER WATER 
STALE W.W. 




l- iguri- .*) 

It must be recognized that HOU 
progressions are tnost likely to err 
on the low side. A meaningful BOD 
test should seek the htghest consistent 
oxygen demand feasible for sample and 
conMitions. ' 



The influence of algae on HOD is one of 
the most difficult variables to evaluate. 
More ru;search is needed to develop 
.satisfactory methods for the accurate 
determination of BOD in the presence oi 
large numbers of algae. Light and dark 
hottle incubations suggest the magnitude 
of effects. 



IV TOXICITY 
A Effect 

, Sinc i- satisfaction of the HOD is accoin- 
plislied througf. tbe action of mit roorgan- 
ismii, the presence of toxic substances 
* viiU result in depression of the oxidation 
rate. In many cases, toxii ity will . 
produce a lag period, until tolerant 
organism activity becomes significant. 
Figure fi shows the effec t pf cyanide on ihe 
BOD curve. A promment lag period Is 
* exhibited in the 2 ppm curve, while at 

J 10 ppm tbe lag extends beyond the fifth day. 
An activated sludge may be adapted to work 
. effectively in (Je^radation of 00 rng C N/ 1. 
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Waste 
cone. 

lOfo 

P% 

1% 



TtiiM la Days 
Cffact of CjtaUm on BOD of Oetc««Uc S««««* 
If* imwrngw la rornutU C OUuttoo WBlrr) 

Figure 6 

Heavy metals have similar effects depending 
on history and environment. The effects of 
copper and chromium are illustrated in 
Figure 7. 



Table I 
Depletion 

3.51 
• 4. 53 
. 2. 80 

1.52 
- 0.74 



5 day BOD 

35 

91 
140 
152 
148 




Figure 7 



B Detection 



In la'joratory deteri;nlnatlons of BOD the 
absei'ce of toxic substances including 
chlorii:e must be established before the 
results can be accepted as valid. 
Comparison of BOD values for several 
dilutions of the waste will indicate the 
presence or absence of toxicity. In Table 1 
the calculated BOD for the dilutions show 
higher values in the more dilute concen- 
trations. It Is apparent that toxicity was * 
present and that the toxic effect was diluted 
out at a waste concentration of 2% or less. 



Vn NITRIFICATION 

A Mechanism 

The oxidation process, as exetz^lified tiy 
the equation: 

y « L d-io'***) 

presumably involves the oxidation of 
carbonaceous matter or 1st stage oxygen 
demand. 

O 

C H O CO^ + HJD 

The rate coefficient Is normally high, giving 
nearly complete oxidation in a few days. 
When nitrogenous material Is present its 
oxidation can be shown as: 

• O9 - Oo - 



Nitrogen oxidation may be delayed for 
several days during BOD tests unless 
suitable mlcro-blota are initially available. 
Under some. circumstances these two 
oxidations can proceed slmultantiously and 
the resultant BOD curve will be a com- 
posite of the two reactions. 



L (l-io'^'ctj 



d-io" 



where yt ■ the simultaneous BOD of the car- 
bonaceous and nitrogenous phases or 1st and 
2nd stage demands. 

kc and kp « the rate coefficients appll- 
4 cable to the carbonaceous and nitrogenous 
materials respectively. 
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L and I. » the ultimate oxygen demands 
elriracteAstic of the two phases respectively. 
This is the general formula for any system 
characterized by two simultaneous reactions. 

Principal conditions governing simultaneous 
carbon and r.itrosen oxidation: 

1 Presence of an effecti/e nitrifying 
culture at the beginning of the test 
interval (nitrifiers grow relatively 
slowly). 

2 Maintenance of adequate DO, believed 
to be a minimum of 0. 5 to 1. 0 mg/1, 
for nitrifier activity. 

3 Available nitrogen - in excess of that 
required for synthesis. This is believed 
to require a minimum of about 7 mg/1 

to support active nitrification on a 
continuous basis. 

4 Nitrifiers appear to be more sensitive 
to toxicity than most saprophytic ' 
organisms, hence are likely to be 
inhibited more readily. This is 
particularly evident during nitrite to 
nitrate conversion. 

B It may require 5 to 10 days to establish 
nitrification if the population was not 
nitrifying initially. This is the basis for 
the sequential carbonaceous' and nitrogenous 
oxidation of sewage oxidation. 

'1 Effe f, on the BOD curve indicate a . 
typical pattern such as in Figure 8. 
The influence of hitriiication in the 
production of a p-"^ondary rise in the 
BOD curve is so well known that any 
secondar>' rise may be erroneously 
attributed to nitrification whether or 
not nitrification was involved. Actually, 
a secondary rise in the curve may be i 
due to any oxidation system assuming 
dominance after the initial oxidation / 
system has been completed. 

2 The nitrification phenomei)a occurs 
simult<ineously in many streams, 
treated effluents or partially stabilized 
samples. The designation of a secondary 
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COD rise to nitrification should be 
based on analysis, not curve shape. - 

C The extent of nitrification is conclusively 
shown only by periodic analysis of 
ammonia, organic, nitrite and nitrate 
nitrogen. The conversion of ammonia 
and organic nitrogen to oxidized nitrogen 
is a definite indication of nitrification. 

D Nitrification Inhibition 

Plant efficiencies from a BOD standpoint 
can be erroneous because nitrification 
generally is not established during the 
usual incubation of influent samples but 
may be a major factor in effluent 
incubations. It requires about 2 times 
the oxygen to convert NH^ -N to NO^ -N 
ac to convert C to CO^ hence tliis is a 
niajor fraction of stream oxygen use. 
Most secondary treated effluents are 
characterized by a larger fraction of 
carbon -than nitrogen removal which 
accentuates the problem. 

Pasteurization of samples, methylene 
blue, chromium, and acid treatment 
followed by neutralization have been used 
to inhibit nitrification for estimation of • 
carbonaceous BOD only. Any inhibition 
of nitrification also produces a change in 
the sample or its behavior and may 
partially initibit carbonaceous oxidation. 
Nitrification is a factor in stream self- 
purification and treatment. It does not 
appear realistic to alter it for convenience. 
The most realistic approach to carbon- 
aceous oxidation is the measurement of 
COg or COD. 



T 1 I I.I r— 1 r— r 




Figure 8 
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Vm EFFECT OF DILUTION 

When a series of dilutions are made on a 
BOp sample usiially the result s vary to the 
extent that only an approximate BOD value 
is obtained. 

Tab It 2 

INTERPRETATION OF BOD DATA 



Sample cone. 


DO 


DepU-tlon 


BOD 


Initial 


a. 2 






Final: 










5. 5 


2.7 


270 




i. :< 


4.9 


243 


4^ 


, 0. 0 


Complete 





A For example, Iri Table 2, 1%, 2% and 4% 
concentrations of sample were used. The 
4% concentration became anaerobic before 
the end of 5 days. The 5 -day BOD of the 
1% concentration was 270 and that of the 
2% concentration was 245. 

B Statistically one value Is more reliable 
than the other. 



1% 



2% 
Difference 



IX) depletion 
5.5 mg/1 

3.3 mg/1 
2. 2 mg/1 



The difference in depletion between 1 and 
2% dilutions Is 2.2 mg/l. This difference 
may be attributed to an additional 1% of 
sample added to the original 1%. If the 
difference Is multiplied by the dilution 
■ ifactor of 100 to obUin the BOD, the result 
Is 220 mg/1.. 

1 We now have three estimates of the 
* -BOr> on a one percent concentration 
basis from the two dilutions: 

a the actual 1% depletion gives 270 
b 2%/2 depletion gives 245 
c (2%- 1%) depletion gives 220 



Statistically the probabilities of being 
nearer the^aclual value goes with the 
nearest two of three. The 4% value 
of 8.2 depletion/4 as a minimum 
possible BOD 1% concentration gives 
a BOD of at least 200. 

2 There is the possibility that higher 
concentrations may reflect significant 
toxicity while lower concentrations 
tend to reflect a greater proportion of 
dilution water. The toxicity problem 
does not appear to be significant since 
the 4% sample concentration indicated 
a BOD of at least 200. The higher- 
BOD at 1% sample concentration may 
be due to a contaminated dilution water 
or to the fact that a jimilar number of 
seed organisms had less fcxid and 
utilized certain fractions that they had 
passed by when they had more choice 
with the 2% sample concentration. 
Data is insufficient to resolve this one. 

3 Incubations having a depletion of at 
least 2 mg DO/ liter and a residual of 
at least 1 mg DO/Uter are indicated 
to be most valid*^^ Both the 1 and 

2% concentrations fit this requirement ' 
in Table 2. An average error of 
+ or -0. 1 ml on the DO titration would 
have a smaller relative error upon 
the 2% depletion. 

4 We have a reasonable presumption 
that the sample BOD of about 230 was 
a good estimate. We do not have an 
unequivocal basis for so stating. 
Possible variations in results with 
different dilutions of a given sample 
are subject to many uncertainties in - 
the test routine. 

If some cause Is known - such as a 
titration eror, the inclusion of ex- 
traneous substances producing high 
or low response, or a definite procedural 
error that rules out a valid estimate of 
the sample BOD- that result should be 
labeled as a ]ost cause or imreported. 
Otherwise, report what was obtained 
to the best of your ability with the 
provislort of uncertainty for uncon- 
trollables. 
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mati!l:matical basis of the biochemical oxygen demand <ijod) test 

Part 1 



I FUXDA MENTAL CONCEPTS 

For a number of yfars, the oxidation of 
organic uiistc substances in surface waters 
has. been under invnstigation. The first re- 
ported observation of oxygen depletion was 
on the Seine River belnw Paris (1877). Other 
studies followed in Germany. England and 
the U.S. Certain fundamentals are now 
universally accepted. These are: 

A Dissolved ox>'gen in the water is reduced 
during stabilization of the organic material. 

B As long as dissolved oxygen is present, 
the rate of oxidation is independent of the 
actual amount of oxygen available. 



• II FIRST ORDER ItATE CONCEPT 

In order to illustrate tht; mathematical 
relationships in the BOD reaction, assume 
the following laboratory observations: 

A A set of replicate bottles is filled with 
river water and i>ealed so that outside 
air is excluded. 

B Each day. one of the bottles is analyzed 
for DO content, and the results tabulated. 
(See Table 1.) 

It will be noted that on each successive 
day« the DO concentration is less than 
the day before. That is, oxygen is being 
consumed by biological or chemical 
action in the water. -The oxygen residual 

when plotted agalnstlimc iornij&.the. 

d^oxygenation curve (Figure" 1). 

The oxygen demand or BOD curve is re- 
presented by the summation of observed 
oxygen depletions vs time (Figure 2). Thii 



C The type and numbers of biological forms 
present is on important factor. 

D Measurement of changes in oxygen content 
can be related to quantity and character 
of oxidizable organic matter. 



Days 


DO 


Oxygen depletion 
Per day Cumulative 


0 


D.2 ' ' 


0. 




1 


.7.4 


1. 8 


1. 8 


2 


. 5.8 


1. 6 


3. 4 


3 


4. 6 


1. 2 


4. G 


4 


3. 7 


0. 9 


5.5 


5 


2.9 


0. 8 


&. 3 


6 


2. 3 


0. 6 


6. 9 


7 


1.8 


0.5 


7.4 


8 


1.5 


0.3 ^ ' , * 


7. 7 


9 


1. 2 


0. 3 


8.0 


10 


0. 9 . 


0. 3 


8.3 ' 



CH.O. bod. 58c. 11.77 
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I i J I '. I. 7 K -t II, ij 



Figure 1 



is an inverted representation of the de- 
oxygenation curve. Inclusion of the daily 
equilavents of oxygen demand in Figure 2 
shows that increasingly smaller amounts 
'of oxygen nornjally are used during each 
successive dayr — — 

If the reaction follows a_ 1st- order 
rate system, a constant percentage of the- 
oxygen present at the beginning of each 
day will be used during that' day. There- 
fore, the rale coefficient (K in nat. log. 
or k in logiQ) is constant from day to day. 
Ki=^. 3ki. 

Similarly, the organic matter present in ^> 
the sample is being oxidized, so there is 
progressively less oxidizable material 
present each successive day. The rela- 
tionship between oxygen demand and the ,^ 
amount of oxadizablo material present- 
can be stated as follows: The oxygen 
demand per unit time is proportional to 
the amount of unoxidized material present. 
Streeter and Phelps^ 1« 2)stated the concept 
* as - the rate of biochemical oxidation of . 
organic matter is proportional to the con** 
centration of unoxidized substance, 
measured in terms of oxidizability. Such, 
a rate is termed a First Order Reaction 
Rate. The same authors also stated that 
there is no" logi cal reason to expect one 
rate coef ficient tut it~rnay "appear so^bec^ae 

i of crude measurement and the effects of 
many individual oxidatiort systems . 




tINI Ml OMS 



Figure 2. INTEGRAL BOD CURVE 

The curve as shown in Figure 2 is a 
typical BOD curve. When interpreted in 
light of the f undamentals previously dis- 
cussed, TTTs appdrrent that: 

1 ~ With orgaliic~materials !wtiich are" 
easily oxidized, the reaction proceeds 
rapidly, nearing stabilization in a 
few days. The curve is therefore 
steep, rapidly approach^'^r a maximum. 

2 ^As oxidation nears completion the BOD 

curve will approach a limit or maximum 
value that can be represented by a line' ^ 
. above the time axis and parallel to it. ' 
This line represents the ultimate oxygen 
demand (L) for the sample and condi- 
tions of the test. The curvature of Ihe 
BOD line as it approaches the maximum 
is a function of the rate of oxidation. 

3 The BOD test commonly is applied for 
samples containing mixed components . 
each of which may differ in availability 
as a nutrient. The population of organ- 
isms generally contains many varieties. 
A progression of varieties occurs from 
those favored by an excess of initial 
nutrients to those favored by cell mass 
and eventually to those tolerating a low 
available energy level. 



Mathematical Basis of the BOD Test 



4 This tj-pe ot: s>stem may have apparent 
characteristics of 1st order reaction 
mechanisms for limited periods of 
time. It is likely that two or more 1st 
order mcclianisms may be apparent if 
observation time, nutrients and condi- 
tions arff apprupriatc. The data also 
may be iiitei-preted as a zero order, 2nd 
order or multiple order reaction 
mechanism. !t is not always possible 
to prove reaction order nor is it essen- 
tial tc do so. The mairt objectives are 
to be able to estimate the ultiniate BOD. 
the amount ol BOO remaining after a 
given time interval and to ob)i^ rea- 
sonable agree Aient among observed and 
calculated data. The first order 
reaction concept pi'ovides "a" means 
to meet the ne&d without implying that 
the reactions are necessarily 1st order 
or lhat it is the jnly means of approach. 



t s time in da5'S 

L = ultimate demand 

= demand remaining at time t 

y = demand satisfied at time t 

then: 



-J— - fraction of L remaining at time t 
^ - fraction of L oxidized at time t 

The relationships may« be expressed as a 
differential equation with respect to "t" 

--KL - U) 

dt 



m BOD EQUATION 

Using th'e typical BOD reaction cui it is 
possible to develop equations expressing the 
various relationships. Labeling the coox'di- 
nates as in Figure 3. 



where K is a rate coefficient for deoxyge na- 
tion as a loge. 



, <L - y) ... 
i"r-r^ = -Kt 



changing to logj^ 



Log 



10 L 



(3) 




and: 



TIME IN DAYS 

Figure 3 



( L - y) _ 



T::ble ?. 

Equivalents in tl.*i BOD £ luation 



BOD remaming p^t 
time t 

fraction of BOD 
remaining 

Conversion of log^^ 
to log J 

Fraction. of BOD 
satis f'ijd 



L-y 



K 



J. 



l.tL^ 1_ |J i.yo'^ 
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from Table 2 



(4) 



multiplying both sides of equation (4) by 



I. (1 



rearranging and cancelling give^ 
y = L(l - 10 '^S 



(5) 



This is the usual form of ihe BOD- equation. 
To avoid confusion with othe'r "k" values, 
the debxygenation rate is usually written 
as kj and the equation becomes*: 



y = L (1 - lo'*^! S 



(6) 



The components in Figure 5 are as in III 
' where L is the ultiirate oxygen demand at 
infinite time and y refers to the demand 
satisfied at time t. The term kj refers to 
a "velocity constant" in physical chemistry 
terminology. Section n B3 indicates 
factors that result in system changes 
during progression of the BOD test that 
may affect the value of ki. For this 
reason the term "rate coefficient" is used 
for ki to recognize that k^ may not be a 
"constant" except for limited time periods. 
As given, k^ is an expression of the slope 
dL /^^ as a log" and'ifr < eialcd to the 
rate of oxidation. 

The L value is a laboratory number re- 
garded as a theoretical rather than an 
actual limit. The limit is useful for an 
estimation of the effectK-^f a waste upon 
the receiving water wiiere the total demand 
>is more valid than a part of it as for 
example a 5 day BOD. 



iV SIGNIFICANCE OF BOD CONSTANTS 
la shown in 



A The effect of kiupon 
Figure i^-T^"^ 



The upper curve represents the BOD of a 
domestic sewage. The kj is 0. 15. 



At this raje, 50% of the demand will be 
exerted iji the first two days, indicating 
that the organic matter is readily avail- 
able as food for the organisms. In five 
days, 83% of the demand has been satis- 
fied and in 15 days, the oxidation is 
essentially complete. 

The lower curve represents the BOD of 
a relatively stable sample. The kj 
in this cage is 0. 05. In five da-y s 
only 44% of the demand is satisfied and " 
at 15 days, there is still 17% of the 
material unoxidized.- Note that at the 
lower rate, it takes 15 days to accom- 
plish 83% oxidation, while at the higher 
rate, the same percentage can be accom- 
plished in 5 days. 




EFFECT OF R HATE ON SHORT TERM BjQO. 
Figure 4 

Laboratory tests on the BOD of waste^ 
materials are generally 5 -day tests^ 
In the case of these two samples, the 
standard 5 -day interval would represent 
vastly different degrees of oxidation^ 



LOG OF 5 




fREMAINlNG 



Using the maihematical relationships estab- 
lished above, a second BOD equation can be 
developed. 

\ 
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Prom Table 2: ' 

L ■• y -k t 

— « 10 1 s fraction reznainixig 
'k t 

10 1 X 100 '= 7o remaining 

log,Q (lO'^^l^ X 100) = logjo''*' remaining 

furl hen 

logj^jdo'^^l^ 5C lOO; « 2 - kji 
then: 

' log of % BOD remaining - 



Two examples of the estimation of k and L 
values are presented in Part 2, :which'begins 
on the next page. 
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The relationships presented herein form the 
basis for development of engineering esti- 
mates from laboratory data. Validity of the 
estimate depends upon sampling, prompt and 

correct BOD technique, judicious data - ■ _ . 

analysis* and realization that the laboratory r 
BOD test does not include many factors. ."^ 

controlling stream behavior. ^ 
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MATHEMATICAL BASIS OF THE BIOCHEMICAL OXYGEN DEMAND (BOD) TEST 
ESTIMATION OF k and L 
^ ■ Part 2 



oxidation of the aged material and hi| 
oxidation of the now materi^^simply cannot 
be explained in ter 



I Sevorai methods are aivailable that may 
give a fair estimate of k. and L providing 
that the observed data plots in a form that 
suggests a first order reaction rate fit. The 
fact that stream samples frequently consist 
of partially stabilized river water mixed 
with varying amounts more recent waste- 
water additions leads to numerous situations 
where observed data calculated as "a" first 
order reaction does noi give a good fit of 
observed and calculated data. The low rate 

I higju-ate^ 
caimot 
ne k^ ^d L. 

Tfje-BODtest is not precise enough to dis- 
tinguish the infinite number of individual 
rate systems included in deoxygenation of 
a mixed wastewater by the mixed organisms- 
involved. The persistence of the one first 
— order reaction rate -concept .(incorrectly 
called a monomolecitlar rate) partially is due 
to the practical limitations of the test. High 
assimilative oxidation rateb generally have 
been partially completed in the sewer, during 
compositing or sample storage before BOD 
analysis, or in the receiving 'ivater. Remain- 
ing deoxygenation may take the form charac- 
teristic of cell mass and storage products, 
(endogenous oxidation) which for a few days 
shows a kj of about 0. 1. If the observation 
period was extended beyond the usilal 7 to 
10 days for rate estimation a progressive 
change of k. would become apparent as the 
more oxidizable components disappear and 

"relatively inert biological or. other residues 
became a larger and larger fraction of the 
total oxidizable mass. The increased im- 

■ poundment of surface- water makes long-term 
deoxygenation more and more significant. 

The computed kj and L are a result of the 
selected measurement routine, past history 
of the sample, and the manner of processing 
the result. The validity of the edtimate 
depends upon engineering judgment and a 
realization of the variables and effects 
_ involved. No two individuals wUl derive 
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precisely the same values from given aata 
but cotmnun sense approaches using mathe- 
matics as a tool rather than as a deity, will 
produce useful estimate's for resolution of 
the problem. • 



II Useful methods. of--deriving kj 
include t^eJeasfsquo res method of Heed and 

^Tljeriauir(Public Health Bulletin 127, 1927); 
the Thomas Slope Method iSe>r. Wurks J, 9, 
No. 3, 425, 1937), the Moments Method of 
Moore, Thomas, and Snow (Sew. and Ihd. 
Wastes 22, No. 10, 1343, 1950) and the . 
Rapid Ratio Method of Sheehy (JWPCF 32, 
No. 6, 646, 1960). The first three of 
these presume a singe rate coefficient 
and do apt give a good fit of data when de- 
oxygenation fails to follow the pattern. Cer- 
tain other factors enter the plesture even 
when the curve apparently follows first 
order characteristics (Ludzack et al. Sew. 
and Ind. Wastes 25, No. 8, 875, 1953). 
Sheehy's procedure elucidates the dis- 
appearance of high rate components during 
early stages and can be very useful for 
rapid calculations. . ^ 

The dallydifference method outlined by 
Tsivoglou (Oxygen Relations in Streams, 
SEC Tech. "Report W-58-2, p. 151, 1958) * 
is an adaptation of Fair and of Velz methods 
and gives a graphic picture of observed data 
and predominant rate changes with time.- 
The method is rapid, versatile, and gives a 
great deal of ittrcrmation in a simple package 
that IS readily {V4,(;embled. This technique 
wa^ used to illustrate its applicability as 
"oiTb" means of estimation. 

A Using the data given In Table 1, Part 1. 



Plot y vs. t on cartisian coordinate 
paper. Draw a curve of best fit through 
the observed points, including lags, 
plateaus, if any, "jo get a picture of 
the deoxygenation curve. If a majority 
of observed values describe a smooth * 
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progression, those that fail to fit r^ay 
be considered erratic ancJ curve values 
may \oi' used for subsequent operations. 
La^-ishould be eliminated by curve 
- " fitting and taking the observed jioints 
after the lag termination. (Figure 2) 

2 Plot the daily differences, corrected • 
if n^cessar^, on semilog paper %vith 
time on the linear scale and the daily 
difference on the log scale. The 
differences are conventionally plotted 
as 1/2. 1-1/2, 2-1/2 days, etc. to 
illustrate intcr/als rather than-points. 
(Figure 5) 

3 Examination of Figure 2 shows identi- 
cal daily differences for the last 3 days 
or kj » 0 for that interval in Figure 5. 
That is unlikely considering the short 
period of observation and the results 
of the first 6 days. 

4 It may be assumed that deoxygenation 
follows a smooth curve after consider- 
ing possible lag periods or multicom- 
ponent rates operating in combination 
or sequentially. Daily differences, 
therefore, should be calculated from a 
line of best fit such as Figure 2 rather 
than from the individual points included 
in Table 1 which may be affected by 
experimental error. 



6 It is advisable to check arithmetic on 
tnc work Bheet by comparing the sum 
oi the daily differences in Table 1 with 
triat resulting from the line of best fit 
iii : .gure 5. In Table 1: 1.0+ 1. G + 
1. 2 + . . . . + 0. 3 = 8. 3; in Figure 5; 
1. 88 + 1. 50 + 1. 20 + . . , . + 0. 2G = 
8. 4. Since the difference in sui^is is 

1 part in 84 it is apparent that serious 
errors did not occur in 'aritlinietic or. 
plotting. 

7 From Figure 5, the number at'thi* zero 
intercept of the daily difference slope 

^ -is a function of L, Other intercepts 
. are a function of using equivalents • 
in Table 2. The number representing 
L at 0 time = 2, 1; tjie number repre- 
senting Lt when t = 10 is 0. 23.' The 
percent BOD remaining when t = 10 is 
Lt/L X 100 or- 

0. 23 X 100 ■ „ 

^-j = 10. 9 or 11%. 



8 From equation 7: 

I-ogio of the % BOD remaining = 2 -kjt 

The Log 10 of i 1% = 1. 04 and t = 10 
then 1. 04 = 2 - ki X 10 

or ki = 2 - 1. 04/ 10 = = 0. ODG or 



5 Figure 5 is a plot of the daily differences 
from Table 1 on the log^Q scale vs 
time on the arithmetic scale. The 
corrected curve of best fit was not used 
here to show the effects of the last 3 
* points on the logarithmic pattern. The 
slope of the line was well defined on 
the basis of the first 7 points. Note 
that the daily differences ar.e plotted . 
at the middle of the time interval, i. e. , 
the deoxygenation occurring from 0 to 
1 day appears at the 1/ 2 day position 
and that occurring during the second 

" day appears at the 1-1/2 day position. 



From equation G: ' 
yt • L <1 - lO-J^it) = L <1 -^') 



(1 - ^ ) = 0. 80 (Step 7) 

The "estimate of L becomes 

y = L (1 - iii) or'8.3 = L (0.80) 



8. 3 
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10 ' The laboratory test gives estimates 
of the rate coefficient or ki of 0. 10 azid 
of L or the Ultimate Oxygen Demand 
of 9. 3 mg of BOD per liter of sample. 
The data approximates a system con- 
sisting primarily of the oxidation of 
partially stabilized cell mass and 
storage products and- plois as a one 
rate system during the observation 
period. \ 

Equations 6 and 7 provide the funda- 
mental relationship^. and the equivalents 
in Table 2 may be read from Figure- 5, 

B The data in Table 3 present a different 
situation involving more recent 
contamination. 



days 
1 
2 
3 
4 
S 
6 
7 



9 
10 



Tables 




BOD 


per day 


2. 24 


2. 24 


3. 18 


0.94 


3.81 


0. 63 


4. 2Z 


0.41 


4.56 


0. 34 


4.88 


0. 32 


5. 12 


0. 24 


5.32 


0. 20 


S.49 


0. 17 


S.61 


0. 12 



The line of best at of the observed 
BODs in Table 3 are shown as a 
smooth curve in Figure 

Figure 7 shows the daily differences 
on the semi log scale vs thef time 
interval on the arithmetic scale. The 
line' ab is a reasonable fit for the slope 
described by 5 of the 7 daily differences 
after the 3rd day. It is .apparent that 
the curve in Figure 6 cannot be 
described as one first order reaction. 



The differences among the first 3 ob- 
served daily differences and the line ' 
ab are 1. 55, 0. .^3 and 0. 14 fxrom 
Figure 7. If the differences are plott- 
ed on Figure 7, ( coded as x) a new 
rate cd can be estimated that gives a 
reasonable, fit with 2 of the 3 intervals. 
The first daily difference is above the 
slope cd suggesting a 3rd rate group 
higher than ab or cd. Since this would 
be based upon a single point in 1 series, 
in which some discrepancy is apparent 
in Figure 7 with respect to line fitting, 
it is advisable to regard it as a 
possibility as shown by the graphic 
but withhold judgement on the 3rd rate 
group for further evidence. - The curve 
in Figure 6 may be approximated by a 
two rate system operating simultan- 
eously with one of 'the two nearly 
completed in 3 days. 

r 

Mathematically this situation may be 
expressed as: * j • 



rk 



10 



cd ab 



10 



'l%btj 



where -j*- may be obtained from 

Figure 7 at the designate^ time 'intervals 
for each slope. 

4 From Figure 7 tlie z^o and 10 day 
intercepts of line ab are 0. 75 and 0. 13. 

rr^i. «Lt 0, 13 X 100 

The = g-^^ a 17.4% BOD 

remaining when t ^ lO. 

The log of 17. 4 is 1. 24, 

If the log^ of the % BOD remaining = 
2 -kit ^" 

then, 1. 24 ■ 2 - k^b ^ab *" 

' 2 - 1. 24 0. 76 

—To— - " 
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5 From Figure 7 the zero and 2 day 

intercepts of line cd are 1. 40 and 0. 22. 



0.22 X 100 



= 1 5. 7% BOP 



remaining when t = 2, The log^o of 
15, 7 is 1. 20 as in Step 3: 



0. 80 

2 



= 0, 40 



6 From: the^ relation in B2,. h^,^^ may, be 
approximated by Substituting the ob- 
served value for the 2 da>^ BOD in 
Table 2 or 3. 18. The fraction of Lt 

0 53^ 

from zero to 2 days is q' or 0. 71 

and ( 1 - J^. > =0. 29, therefore the 
^ ^ab 



"ab 



use of the 2 day observed value for 
line cd is incorrect because 0. 29 
is included in the observed value. 
Since L^. is Unknown, the first estimate 
of L . wul be incorrect, by the value 
of 0/29 L . but may be approximated 
Uter. *° 

"Y2cd''^df^-r^>^'^" y2 = 3.18 
cd 



0. 22 



cd 

mation of L 



1.40 

becomes: 



then a high approxi- 



cd 



, 3. 18 
' 0. 84 



or 3. 8 mg BOD/1. 



7 A similar approxioiation of L^^ may be 
set up for t = 10 wherC''the observed 
YlO from Table 2 of 5. 6 is corrected 
by substracting Led which should be 
almost complete.by 10 days. 
becomes 5. 6 - 3. 8 s 1.8 and 
Lt 0. 13 
L = 0?75 ^'•^^•l^^. 



lOab 



Substituting the appropriate numbers 
as in step 5: 

Kb= 026- =2.18or2.2mg/l. 



8 A better approximation of L^^ is now 
possible assuming that the 2 day ob-^ 
served value Included the following: 



Yl = 3. 18 - 0. 29 X 2. 2 or 3. 18 - 0. 84 = 2. 34 
and 

2. 34 



cd = 0. 84 



= 2. 9 mg BOp7l instead of 3. 8 



A second approximation of L^jj would 
raise the estimate of Lg,^^ because 
Yjo^b = 5. 6 - 2. 9 - 2. 7 and 

2. 7 • ' • 

ab ~ 07826 - ^' °^ ^' ^ BOD/1 . 
and an estimate of the values of the 
sample plotted in Figure 6 would be 
2, 9 + 3. 3 or 6. 2 mg BOD/ liter. 

C The substitution of the'derived values for 
the appropriate and ultim^t^ oJtygen 
demand into the expre^ioii given in B2 • 
should give values cgmparable to. the ob^ 

. served BODs in Table 3 or Figure 6. 

Further, it should be possible to approxi<r 
mate curves Tor the individual rate systems 
•tp obtain daily vectors, the sum of wiiich 
would compare with the observeji points. . 
For example: • ' ' ■ 

« L^^( 1 - lO'^dS + il^^il ^ 10'"*^^*) 



Where L . = 2. 9 
cd 

L . = 3. 3 



and k _, = Q.40 
cd 

and k ^ s 0, 076 
ab 



and 10 may be approximated by ^ 
from Figure 7. (See T^ble 2) 

' .v,=2,9(,-;o^,;3.3a-g^> 

2» 9 X 0. 60--F 3. 3 X 0. 16 . 



= I. 74 + 0. 33 = 2. 27. observed ='2. 24 
= 2.4+0.9 »o. 3 observed = 3- 1& 



3 Yr, » 2. 9 il 



1. 40 ' * " 0. 7T 



■ = 2. 9 + 1. 3 = 4. 2 observed = 2. 81 

4 yg^2.9 + 3.3(i -5f31.j 

' 2, 9 + 1. 9 =« 4, a ■ ob; erved 4. 56 



67 
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5 YjQ»2.9 + 3.3(l-|ji|) 

= 2.9 + 2.7^5.6 observed 5. 61 

6 These data show a reasonable approxi- 
mation of th»^ observed BODs by a 
reverse calculation from the derived 
rate and ultimate BOD obtained from 
them. The agreement indicates that 

4 approximations made were reasonably 
correct and that the tompopite BOp 
curve in Figure 6 may be Described as 
a 2 rate system as indicated by the 
BODs in Figure 6, The largest error 
occurred in calculation of the com.- 
ponents for Y3 at the point in time where 
the higher rate system was heing phased 
out. {-urve fitting, approximations of 
correction factors for estimation of L, 



plotting, slide rule s.nd other errors 
•contribute to estimates of kj and L in 
- addition to the errors related to the 
BOD test. 

An approximation of k] is possible 
from 2 POD values obtained at'dlff :?rent 
intervals of time by using the data 
presented in the Theriault Tables or 
that given nomographlcally by tl*e chart 
on the Rates of BOD Satisfaction. 

This outline was prepared by F. J. Ludzack, 
former Chemist, National Training certCi 
MOTD-OWPO, USEPA. Cincinnati. Ohio 45268 

|e£c£lEtor8: Analysis. Analytical Techniques, 

G«nh? I'^f Data HandllS,^, 

Graphical Analysis, Graphical Methods, 
Mathematical Models, MathemaUcal Studies, 
Mathematics 
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Figure 5. Logj^^^Slope of the Daily Differences from Figure 
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. Theriault Table 

NUMERICAL VALUES OF THE FtJNCTION (1 - lO" 
FOR THE RANGE k » 0.040 to k » 0. 250 



Period of 
incubation 
(days) 

1— 

2— -- 

3 

4 

5 

6— 

7 

8—— 

9 

10 

'ir— 

12 

13 

14 

15- 

16— 

17=4 

18-r. 



20 

22 r 

23 -^^ 

as - 

Peri'Vj of 
incubittlon 
(Uays) 

1 

2— ^-».-.~ 

3. 

4 



Value of k 



0.04 


0.05 


0.06 


0.07 


0.08 


0.09 


0. 10 


0.088 


0.109 


0. 129 


0. 149 


0. 168 


0. 187 


0 20 G 


.168 


0.206 


.241 


. 276 


. 308 


33s 




.241 


0.292 


.339 


.383 , 


.425 


.463 


.409 


.308 


.369 


.425 


.475 


.521 


.563 


.602 


.369 


.438 


.499 


.553 


.602 


.645 


. .684 


.425 


.499 


.563 


.620 


.069 


.712 


.749 


.475 


.553 


.620 


. 676 


.725 


.760 . 


.800 


.521 


.602 


.669 


.725 


.771 


.809 


.842 


.563 


.645 


.712 


.766 


.809 


.845 


.874 


.602 


.684 


.749 


.80Ct 


.842 


.874 


.900 


.637 


.718 


.781 


.330 


. 


. 8 v; 


.921 


.669 


. 749 


.809 


.855 




.917 


.937 


.698 


.776 


.834 






.932 


.950 


.725 


.800 


.855 


.8i.-.'. 


. 


.945 


.960 


.749 , 


.822 


.874 


.9) ' 




.955 


.968 


.771 


.842 


.890 


.9LA 




.964 


.970 


.791 


. 859 • 


.905 


.93.:* 


. J56 


.970 ' 


V £ -O 


.809 


.874 


.917 


. 94!, 


.964 


.976 




.426 


.888. 


.9?.3 


.953 


.970 


.98r 


.98: 


.842 


.900 


.937 


.960 


.975 


.984 


.990 


.855 


.911 


J 945 


.966 


.979 


.987 




.808 


.921 


.052 


.971 


.983 


.990 


.994 


.880 


.929 


. 95'i 


.975 


.986 ' 


.9f'; 


.995 


. 890 


.937 


.964 


.979 


^ .988 . 


.993 


.996 


. JUO 


.944 


.963 


.982* 


.990 


.994 


.997 



Value of k 



0. u 


C.12 


0.13 


0. 14 


0. 15 


0. 16 


0. 17 


0. 224 


0.241 


0. 259 


0.276 


0.292 


11.308 


0.324 


. JP7 


.425 


.450 


.475 


' .499 


^521 


.543 


.532 


.563 


,593 


.620 


.645 


.669 


.691 


.637 


. .669 


.699 


.725 


.749 


.771 


.791 
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Theriault ^--bu' 



Period of 
incubation 
(days) 










of k 










0.11 


0. 12 


0. 13 




0. 14 




0.15 


0. 16 




0.17 


5 — - 


.718 


.749 


.776 




. 300 




.822 


.842 




.859 


6 


.781 


.800 


■ " 7*834 




,855 




.874 


.890 




.905 


7 


.830 


.855 


.877 




.605 




.911 


.924 




.035 • 


8 


.868 


.800 


.000 




.974 




.937 


.948 




.056 


0 - 


.808 


.017 


.032 




.945 




.9&D 


.964 




.070 


10 


.921 


.937 


.950 




v960 




- 9G8 


.975 




.080 


11 


.038 


.952 


. 96? 




,t)71 




, JY8 


.983 




.087 


12 - 


.9^2 


.964 


.972 




,079 




. 984 


.988 




.991 


13 


.063 


..372 


.980 








.989 


.992 




.994 




.971 


.t79 






.oil' 




.992 


.994 




.990 




.078 


.084 


.989 




.9o: 




.994 


.996 




.997 


16 


.083 


.988 


.992 


















. 087 . 


.001 


.994 




.996 












18 


.990 


.003 


.990 




.•..:7 














.002 


.005 


r t *» 




.998 














.994 


.o;96 


.Of?'* 




,998 














. Period of 
incubation 






V i-lue of k 














(days) 


0. 18 


0. 10 


0. 20 


0. 21" 




0. 22 


0.23 




0. 24 


0. 25 




0.339 


0.354 


0.369 


0.383 


0.397 


0.411 


0.425 


0.438 


2 


.503 


.583 


./>02 


.620 




.637' 


. 653 




.669 


.684 


3 


.712 


■ .73-1 


, r-.ff 


.766 




.781 


.796 




.809 


' ,822 


4 


.800 


.826 


.842 


.855 




.868 


.880 




.890 


.900 


5--- »-.. ... 


.874 


.SG8 


.900 


.oil 




.821 


.929 




.937 


.944 


6 •• -- 


.017 


.028 


.937 


.045 




.952 


.958 




.934 


.908 


7 " 


.045 


.053 


.960 


.066 




.9V; 


.975 




,979 


.982 


8—: — 


.064 


.070 


*975 


.970 




.983 


.980 




.988 


.990 




. 076 • 


.081 


.084 


.087 




.990 


.991 




.993 


m 

.994 


10 


.084 


.987 


.000 


.002 




.994 


.995 




.990 


.997 


11 


.900 


• .002 


.004 


.005 
















".003 


.005 


.006 


.007 














13 


. 995 


.007 


.007 


.008 














14 


.997 


.088 


.008 


.900 














35 


.008 


.000 


.000 


.000. 
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SOURCES AND ANALYSIS OK ORGANIC NITROGEN 



I .INTRODUCTION 

A Organic nitrogen refers to the nitrogen in 
r combination with any organic radical. 

For sanitary engineering the main interest 
is the nitrogep contained in proteins^ 
peptides, amines, amino acids, amides 
and related compounds of animal or 
vegetable origin. 



II SOURCES OF ORGANIC NITROGEN 
A Natural Origin 

1 ' Dead animal and plant residues 

2 Animal wastes - ur^a, feces 

3 Autotro'phic organisms - ^algae, s.bact. 

4 Heterotrophic' organisms' 
Industrial Origin 

1 Food processing wastewater - meat, 
milk, vegetables 

2 Pharmaceutical wastes, antibiologicals 

3 Plastics • polyamides, nltriles 

4 Chemical intermediates or products 

5 Dye industry - azo, nitro ' 



III TOTAL KJELDAHL NITROGEN 
PROCEDURE 

A Organic nitrogen is determined using the 
- Total Kjeldahl Nitrogen (TKN) method. 
This determination includes both organic 
nitrogen and free ammonia. By dis- 
tilling the free ammonia off the sample 
before the determination, organic nitrogen 
can be determined directly. 

B Scope « 

The procedure converts nitrogen compon- 
ents of biological origin such as amino 



acids, proteins and peptides to animonia 
but it may not convert the nitrogenous 
compounds of some industrial wastes 
such as amines, nitro compounds, 
hydrazone s, oximes, semi- carbazoncs 
and some refractory tertiary amines. 

C Method Summary^ 

The sample is heated in the presence of • 
a concentrated sulfuric acid-potassium 
sulfate-mercuric sulfate mixture and 
evaporated unti.l sulfur trioxide fumes are 
obtained and the solution becomes color- 
less or pale yellow. The residue is 
cooled and diluted, then treated and made 
alkaline with a hydroxide -thiosulf ate 
solution. The ammonia is distilled off 
and[ then determined either by nessler- 
ization or by titration. 

1 Nesslerization (colorimetric) is the 
method used when the ammonia- 
niurogen concentration is less than I.O 
mg'N/lit'ir. 

2 For ammonia-nitrogun concentrations 
above 1.0 mg N/liter, the ammonia is 
determined by titration with 0. 02 N 

. H2SO^'in the presence of a mixed 
indicator. 

For a detailed description of the 
procedure and reagent preparation, 
consult the EPA methods manual. 

D Precision and Accuracy 

1 Thirty-one analysts in 20 laboratories^^' 
used the Total Kjeldahl Nitrogen 
procedure to analyze natural water 
samples containing the following increments 
of organic nitrogen: 0.20, 0.31, 4.10 * 
and 4. 61 mg N/Uter. 

a Precision results for a standard 
deviation were 0. 197, 0.247, 1.056 
aiid 1. 191 mg N^/Uter, respectively, 

b Accuracy as bias was +0. 03, +0.02, 
. +0. 04' and -0. 08 mg N/liter, respect- " 
ively. 



CH.N. 8a. 11.77 
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2 The nature and composition of ex- 
traneous mate-rials affect analytical 
recovery. High salt concentrations 
niay r^ise digestion temperature. 
High concentrations of organic sample 
components may I'equire excessive acid 
during digestion tending to low nitrogen 
yield. 

3 The digestion temperature is critical. 
380 to 390"c usually gives high 
analytical recovery on the more re- 
fractory nitrogen compounds of natural * 
oriuln. Nitrogen losses occur above 
420 C. 

Optimum temperature is associated with 
a digestion mix contedr.lng 1 gram of 
potassium sulfate for each ml of sulfuric 
acid. However, the digestion mixture 
usually contains a fraction of H SO 
greater than this. 

During heating, the watel* boils off first, 
followed by fuming as the H^SO becomes 
concentrated. Fuming and oxidation of 
the samph> components lead to -loss of 
^^2^4 ^""^ ^ progressive decrease in acid, 
content during heating. As the .acid de- 
creases, the temperature of the heated 
mixture rises. 

Valid nitrogen determinations require a 
slight excess of acid to retain NH- as 
NH^HSO. rather than the more volatile 
(NH JgSO. . Concurrently, excess acid 
willtend Toward incomplete oxidation of 
sample components as a result of lowering 
digestion temperature. 



Sodium nitroprusside, which increases 
the Intensity of the color, is added to 
obtain necessary sensitivity for measure- 
ment of low level nitrogen. 



V PRESEi^VATlON Oi- SAMPLES 

A Most nitrogen compounds' are characterized 
by rapid conversion from one form to 
another by biological and chemical action. 
Hydrolysis, deaniination, pnnt;de formation, 
and other reactions may ri? bly alter 

the Original form of sam^'.. .ogen 
withih a short time. Org'.. nitrogen ' 
tends to hydrolyze to free' NH * during * 
storage. Therefore, valid results require 
prompt analysis. 

B Addition of 2ml of concentrated sulfuric 
acid or 40 mg ngCi2/liter of sample and 
storage at 4''C are preservation nie;isure.'5 
for samples. Kven when so preserved, 
samples are unstable and should be 
analyzed as Rpon as possible. 

REFERENCE ' 



1 



Method.s for Chemical Analysis of 
-Water 8t Wa.stes, U.S. Environmental 
Protection Agency, Knvironment 
Monitoring & Support Laboratory, 
Cincinnati, Ohio,' 4 5 268, 1974. 



IV AUTOMATKD PHENATK METHOD 

Tho EPA manual^ also presents an 
automated (phenate) method for organic 
nitrogen. The sample is automatically 
digested with a sulfuric acid solution con- 
taining potassium sulfate and mercuric 
sulfate as a catalyst, then neutralized with 
sodium hyuroxide solution and treated with 
alkaline phenol reagent and sodium hypoch- 
lorite reagent. This treatment forms a 
blue color designated as Indophenol. 



This outline was prepared by A" . 'o 
Kroner, Chemist. National '.• . no 
Operational Technology Center ' 
OWPO, USEPA, Cincinnati, Ola^ .h.^.. 

Descriptors: Chemical Analysis, '"'lirogen, 
NHtrients. Water Analysis. Water Poiluti'' \ 
Sources 
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AMMONIA. NITRITES AfJD NITRATES 



I SOURC'ES AND SIGNIFICANCE OF 
, AMMONIA, NITRITES AND NITRATfcT.S 
IN WATER 

The natural occurrence of nltro\,en com- 
pounds is best demonstrated by the nitrogen 
c>^e (Figure 1). 

A Ammonia 

1 Occurrence 

Ammonia is a product of the micro- 
biological decay of animalandplant 
protein. In turn^ it can be used 
directly to produce' plant protein. 
Many fertilizers contain ammonia. 

2 Significance 

The presence of ammonia nitrogen 
in raw surface waters might indicate 
domestic pollution. Its presence in 
waters used for drinking purposes 
may require the addition of large 
amounts of chlorine in order to 
produce a free chlorine residual. 
The chlorine will first react with 
ammonia to form chloramines be- 
fore it exerts its full bactericidal 
effects (free chlorine residual), 

B Nitrites . ' * 

1 Occurrence 

Nitrite nitrogen occurs in water 
as a n intermediate stage in the - 
biological decomposition of organic 
nitrogen. Nitrite formers (nitro- 
somonas) convert ammonia under 
f'.erobic conditions to nitrites. The 
bacterial reduction of nitrates can 
c ISO produce nitrites under anaero- 
bic conditions. Nitrite is used as 
• rrosion inhibitor in industrial 
p."(, '<tss water. 

2 Significance 

Nitrites are usually not foutid in 
surfarp '"ater to a great extent. 



The presence of large quantities 
indicaU;s a source of w'uHtuwa'ter 
pollution. 

C Nitrates 

1 Occurrence 

Nitrate fnrmers convert n i t r i tes 
under aerobic I'ondilions to nitrates 
, (nitrobacter). ' During electrical 
storms, large amounts bf nUrogen 
(N2) are oxidized to form nitrates. 
Finally, nitrates can^e found in 
fertilizers. 

2 Significance 

Nitrates in water usually indicate 
the final stages of biological sta- 
bilization. . Nitra-te rich effluents . 
discharging, into receiving waters 
can, under proper environmental 
conditions, cause stress to. stream 
quality by producing algal blooms. 
Drinking water containing exces- 
sive amounts of nitrates can cause 
infant nietht'moi:lobiiiemia. 



11 PRESERVATION OF AMMONIA, NITRATE 
AND NITRITE SAMPLES 

A, If the sample is to bft analyzed, for Ammonia* 
Nifrate or Nitrite* cool tc4*'C and artalyze 
within 24 hours. * 

B For Ammonia and Nitratet the storage time 
can be extended by lowering the sample pM to 
less than 2 by tlie addition bf concentrated 
sulfuric 'acid and storing at 4°C; (2. ml of acid 
per liter is usually. sufficient. Check with 
pH paper). 

C Mercuric chloride is effective as a preservative 
but Its use is discouraged because; 

1 The Hg ion interferes- with some of the 
nitrogen tests. •. 

2 The Hg presents a disposal problem. 

D Even when "preserved'*! conversion from one 
nitro^t'i. lornt to another may oruur. Samples 
shnu li I I- analyzed as soon as pui'sible.' 
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DETERMINATION OF AMMONIA 
A Nessierization 

. 1 ^ RejK:tion 

Nessler's reagent* a strong 
alkaline solution of potassium 
^ merciuric iodide, combine.; 
with NH3 in alkaline solutioii 
to form a yellowish brown 
colloidal dispersion. 



2K2lIgl4 + NH3 + 3K0H 



I . • 

Hg/ 

^O + 7KI + 2H2O 

^NHg 
Yellow-Brjawn 

The intensity of the color 
follovits the Beer-Lamtsert Law 
and exhibits maximum absorp- 
tion at 425 nm. 

2 Interferences 

a Ncii8l«r'a reagent forms 
a pr*scipitate wtth some 
ions (e.g.. Ca"*""*", Mg"*"\ 
Fe+++. and S*). These 
ions can be eliminated in a 
pretreatment flocculation 
step with zinc sulfate and 
alkali. Also. EDTA or 
Rochelle salt solution pre- 
vents precipitation with 
Ca++ or Mg++. 

b Residual chlorine indicates 
ammonia maybe present 
in theformof chloramines. 
The addition of sodium thio- 
sulfate Will convert these 
chloramines to ammonia. 

c Certain organ ics may 
produce an off color with 
Nessler's reagent. If 
these compounds are not 



steam distillable. the interference 
may be eliminated in the distillation 
method. 

Many organic and inorganic compounds 
cauQC a turbidity interference in this 
colorimetric test. Therefore direct 
nesslerization is not a recognized 
method. The following distillation 
procedure is a required, preliminary 
treatment. 



B Distillation 



(6. 7. 8) 



^ Reaction 



The sample is distilled in 
the presence of a borate 
buffer at pH 9. 5 



NH4 + 

H+ + Nag B4O7 ■ 
Buffer 



— ^NH3 
- pH 9.5 maintained 



The ammonia in the dis- 
tillate is then measured by 
either of two techniquer. 

1) Nesslerization is used 
for samples containing . 
less than 1 mg/ 1 of 
ammonia nitrogen. 8) 

2) Absorption of NH3 by 
boric acid and back ti- 
tration with a standard 
strong ack/ is more 
suitable^r samples 
co.ntainfng more than 

1 mg NIi3-N/l(6. ?. 8) 



NH3 +HBO2 ^ NH4+ + BQ2- 

BO2- + MethyJ Red^ ^^^^ 

7«7sthylene Blue 

pH 7.8 - 8.0 pH 6.8 - 7.0 
- Green Purple 



Si 
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2 .interferences 

a Cynat? may hydrolyze, even at 
. pH C.5. 

b Volatile organics may come over ih 
the distillate, causing an,off-color 
for Nesslerizatlon. Aliphatic and 
aromatic amines cause positive 
interference by reacting; in the acid 
titration. Some of these can be 
boiled off at pJl 2 to 3 prior to 
distillation. 

c Residual chlorine must be removed 
by pretreivtinent with sodium 
thiio sulfate. 

>> 

d :f a mercury salt was used for 
preservation, the mercury ion 
must be complexed with sodium 
thlosulface (0.2 g) prior to dlstU- 
latlon. ' 

3 Precision and Accuracy^®) 

Twenty-four analysts in sixteen 
laboratories analyzed natural water 
samples containing the following 
amounts of ammonia nitrogen: 
0.21. 0.26. 1.71. and 1.92 mg 
NHg-N/llter. 

a Precision 

The standard deviation was: 0. 122. 
0.070. 0.244. and 0. 279 mg 
NH3-N/ liter, respectively. 

b Accuracy 

The b Us Was; -0.01. -0.05. 

+ 0.01. and -0.04 mg NHg-N/llter. 

respectively. 

Selective Ion Electrode^®* 

1 Principle 

A hydrophobic, gas- permeable mem- 
brane Is used to separate the sample 
solution from an ammonium chloride 
internal solution. The ammonia In 
the sample diffuses through *he 
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membrane and alters the pH of the 
Intern?.! solution, which is sensed 
a pH electrode. The constant level of 
chloride In the Internal solution is 
sensed by a chloride selective ion 
electrode which acts as the reference 
electrode. 

2 fnterfcrenct'S 

a Volatile amines arc a positive 
/ Interference. ' 

b Mercury forms a complex with 

ammonia so it should not be used' 
. as a preservative. 

3 Precision and Accuracy 

In a single laboratory (EPA) four surface 
water'samples were analyzed containing 
the following amounts of ammonia ' 
nitrogen; 1,00. 0.7?. 0.19, and 0.13 mc 
WHg-N/liter. 

a Precision " • 

The standard deviations were 0.036, 
0.017. 0.007. and 0.003 mg 
NHg-N/llter. respectively. 

b Accuracy 

The % recovery on the 0. 19 and 0. 13 
concentrations was 96% and 91% 
respectively. 

D NPDES Ammonia Methodology 

Manual distillation Is not requirc^d If compara- 
bUlty data on represenUttve efnuent samples 
are on company file to show Vr^t this prnliniln- 
ary distillation le r ot necessary. However 
manual dlrtillation wUl be requir ed to resolve 
any controversies; 

Nesslerizatlon. titration, ano *he selective loh 
electrode are all recognized nethorii. The 
automated phenolate method is also cited. 

IV DETERMINA'nON OF NITRITE 

A Dlazotlzatlon^^' 
1 Reaction 

a Under acid conditions, nitrite ions 
reart with sulfanlllc acid to form 
g 7* ^ dlaz(^, compound. • 
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b The diazo compound then couples 
with ct-naphthylair.ine to form an 
intense red azo dye which exhibits 
maximum absorption at 540 nn^i, 

c Diazotization of Sulfanilamide 



n N'PDES Nitr ite Methodology 

The colorimetric diazotization method, 
either manual or automat'^c. is the only 
one cited in the Federal Kegistei , 




reddish-purple azo 
dye 

2 Interferences 

u There are very few known J 
interferences at concentrations 
lesffthan.lOOO times that of 

, . "''^^ . - 

. b fligh alkalinity (greater than 

tJOO mg/liter) wUl give low results 
.* due to a shift in pH; 

r Strong- oxiri/j-its cm reductants in 
the sample also give low resuito. 

3 Precision 

On a synthetic sample containing 
0. 25. mg rUtrite nitrogen/ 1. the ARS 
^ W"tP^ Minerals Study (1Q61) re- 
por 1 -csultH VI > .. . fUrd 
rle\' , 1. ■ t 0. 0 :r» _ 



V DETER4MINATION OF NITRATE 

A Brucine Sulfate^^' 

1 Rer.ction 

Brucine sulfate reacts with nitrc'.e 
in a 13N sulfuric acid solution to 
form a yellow complex which ex- 

• hibits maximum absorption at 4^0 nm. 
Temperature control of the color 
reaction is. extremely critical. 

• The reaction doe? not always follow 
Beer's Law. However, a modifica- 
Uon by Jenkins and Medsker*^) has 
been developed, C ,nditions are 
controlled in the reaction so that 
Beer's Law is followed for concen- 

' tratlons from 0. 1 to 2 mg nitrate 
N/liter. The ideal range is from 
0. 1 to 1 mg NOg-N/liter. 

2 Interferences 

a Nitrite may react the same ag 
nitrat'* but caji be eliminated 
by ::4e addition of sulfanilic acid 
to the brucine reagent. 

b Organic nitrogen compounds may 
hydrolyze and give positive inter- 
ference at low ( less than 1 mg/1) 
nitrate nitrogen concentrations. 
. A correction factor can be deter- 
mined by running a duplicate of 
the sample with all the reagents 
except the brucine-sulfanllic acid. 

c Residual chlorine ■ lay be eliminated 
by the addition of sodium arsenite. 



d Strnnp nviil».7jnj< 



ii •< . . 

Th.: (.ffc. l , | y Jirut 
In atlfhiirtn nj si.fliM 
the blank.,, standar- 



ft;t icing agents 
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3 Precision and Accuracy^ ®^ 

a Tw enty -seven analysts in 15 lab- 
oratories analyzed natural 

• water samples containing the 
following increments of inorganic 
nitrate: 0. 16, 0. ld« 1. 08 and 
1.24 mg NVllter. 

b Precision results as standard 
deviation were 0. 092, 0. 083, 
0. 245, and 0. 2 14 mg N/liter 
respectively. 

c Accuracy expressed as bj \s was 
-0.01, -t-O. 02, 0. 04 and -t- 0. 04 
mg n7 liter, respectively. 

B Cadmium Reduction^^* ®' 

1 Reaction 

A non-turbid sample is passed through 
a coluiTUi obtaining granulated 
copper-cadmium to reduce nitrate - 
to nitrite'. The nitrite (that originaUy 
present plus reduced nitrate) is deter- 
mined by diazotizing with sulfanilamide 
and coupling with N-(l-naphthyl>- 
ethylenediamine'dihydrochloride to 
form ar. intensdy colored azo dye 
which is measured spectro photometrically. 

To obtain the value for only nitrate, 
more of the non-turbid sample is tested 
using the same colorimetric re^vtion 
but without passing it through tlie re- 
duction column. The resulting value 
represents the nitrite originally present 
in the sample. Subtracting this nitrite 
value for the non-reduced sample from 
the nitrate + nitrite value for the re- ^ 
duced sample gives the value for nitrate 
originaUy present in the sample. 

2 Interferences 

a Build-up of suspended matter in 
the reduction cnlumn will restrict 
sample flow. Filtration or Qoc- 
culation With zinc sulfate should 
remove turbidity, 

b High concentrations of iron, 
copper or other nletals may. 
interfere. £DTA is used to 
complex these. 



c Lc.rge co..Lcriiration8 of oil and 
grease in a sample can coat the 
surface of the cadmium. Pre- 
extracting the sample with an 
organic tiolveht removes oil and 
grease. 

3 Precision ahcI a^curacy^^^ 

! 

In II laboratories, three samples 
were analyzed containing the follow- 
ing amounts of nitrate nitrogen: 
0.05, 0. 5, and 5 mg 
N03-N/liter. 

a Precision 

The relative standard deviation 
was 96.47o, 25.6%, and 0.2%, 
respectively. 

b Accuracy 

The relative error was 47. 3%, 
6.4%. and 1.0%, respectively. 

4 Automated cadmium reduction 

Standard Methods^^^ and the EPA Methods 
Manual^^ contain details for the auto- 
mated procedure. • 

C Hydrazine Reduction 

A method using hydrazine to reduce 
, nitrate to nitrite followed by subsequent 
measurement of nitrite by diazotization 
was reported by Fishman, et al.^^^ 

The means to determine nitrate is the 
same as above in the Cadmium Reduction 
Method. Subtraction of nitrite (deter- 
mined from non-reduced sample) from 
the total ritrite (reduced nitrate -f- 
original nitrite) will give the original 
nitrate nitrogen concentration. 

The r^rocedure. was adapted to the Auto 
Analyzer by Kamphake, etal.^^' 
It is avRilahlo from Env i ronmenUl 
MonLtorinfi and Support Laboratory, 
U.S. EPA, Cincinnati, Ohio, 45268. 
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D Compliance Nitrate Methodology 

1 NPDES/Certifications. 

The Federal Register lists the brucine 
sulfate, cadmium reduction and auto- 
mated cadmium reduction or hydrazine 
reduction methods* 

2 Drinking Water 



This outline was prepared by B. A, 
Puiighorst* former Chemist, and C. R, 
Feldman-., Chemist, and updated by A, D, 
Kroner, Ghemist, National Training ai d 
Operational Technology Center. MOTD. 
OWPO. USEPA. Cincinnati, Ohio 45268 



The Fe-ie'ral Register lists the 
brucine sulfate and the manual 
cadnilum reduction methods only. 



Descriptors: Ammonia. Chemical Analysis. 
Nitrates. •Nitrites. Nitrogen. Nitrogen 
Compounds. Nitrogen Cycle. Nutrients. 
Water Analysis. Water Pollution Sources 
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TOTAL CARBC 



I INTRODUCTION 



s ANA LYSIS 



to now no faster method has been 
' available, 'traditional BOD and COD 
determinations have become accepted 
standards of measure in water pollution 
.control work even though they are 
essentially ineffectivp for process 
control purposes. 

Until the, introduction of th.e Carbonaceous 
Analyzer, all methods'taking the second - 
approach^ the total carbon method of 
evaluating water quality, .also proved 
too slow. 

THE ANALYSIS OF CARBON 



A History of Carbon Analyses 

y 

In the wake of a rapid population growth, 
and the increasing heavy use of our 
natural waterways, the nation, and indeed 
the world, is presented with the acute 
problem of increased poUutional loads on 
streams, rivers and other receiving 
bodies. This has resulted m arrowing 
awareness of the need to prevent the 
pollution of streams, rivers, lakes and 
even the oceans. Along with this aware- 
ness has developed a desire for a more 
rapid and precise method of detecting and 
measuring pollution dv'o to organic 
inaterials, 

B The Methods 

In the past, two generri appruaches have 
been used in evaluating the degree :[ 
organic water pollution. 

1 The determination of the amount of 
oxyj^en or other oxiaants required to 
react with organic impurities. 

2 The determination of the amount of 
total carbon present in these Impurities. 

C Oxygen Den. and Analyses 

T-he first approach is represented by 
conventional laboratory testK for deter- 
mining Chemical Oxygen Demand (COD) 
and Biochemical Oxygen Demand (BOD). 
One of the principal disadvantages of these 
tests Is that they are limited primarily 
to historical significance, that Is, they 
tell what a treatment plant had been doing, 
since they require ar^ where from 
hours to five days to complete. Si 



A Pollution Indicator 

Now the carbonaceous analyzer provides 
a means to determine the total carbon 
content of a dilute water sample in 
approximately two minutes. With proper 
sample preparation to remove inorganic 
carbonates, the instrument determines 
the total organic carbon content in the 
sample. 

B Relationship of Carbon Analysis to BOD 
and COD 

This quantity varies with tHe structure 
froih 27 percent for oxalic acid through 
40 percent for glucose to 7b percent for 
methane. Thq ratio of COD to mg carbon 
also varies widely from 0.67 for oxalic 
acid through 2.67 for glucose to 5.33 for 
methajie. Representative secondary 
sewage effluents have given a ratio of 
COD to carbon content of between 2.5 and 
3. 5 with the general average being 3. 0. 



two The BOD, ^.OD and carbon contents of 

Ince up these and some other representative 

compounds arc summarized In the follow- 
ing table. 



S3 



CH. MET, 24b, 7/76 



I2-I 



Total Carbon Analysis 



Sample 



Stearic Acid ' 



Oxalic A jid - CpH,0_j 



Potassium Acid Phthalatc 



Secondary EfQuent, Claj;ified 



5 -Day 
BOD-mg/tng 

.786 

.73 

. 14 

1.38 

. 05 to 2. ] de- 
pending u;-- 
concentrai. 

.95 

1. 25 % 

13* 
23* 
4+ 



. 18 
1.97 
2.36 



1. 15 
1. 60- 



75* 
67* 
36* 



% Carbon 

76 
40 
27 
6S 



21* 
12* 
7* 



* In units of mg/l 

UI THE INFRA-RED Ti i E CAlibON 
ANALYZER 

A Principle of Operation 

Basically the infra-red carbonaceo.!S analyzer 
made. by Beckman< consists of tbree 
. ffcctions - a sampling and o?;idi,zing E^stf^m, ^ 
a Beckman Model 315 Infrared ATial/uer 
and ft strip-chart recorder. 



lnfra-*red Carbonaceou t- Analyzer ScSem atic 



\ I .„ 



\ ';.v. 



romb cuhr ^ 



I. — I* iwyin wnkT from cyllitdm 
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. A micro sample (20-40 *il) of the writer to be 
analyzed is injected into a catalytic com- 
bustion tube which is enclosed by an electric 
furnace thermostated at 950OC. The water 
is vaporized a,.d the carbonaceous material 
is oxidized to carbon cUoxide »'C02) and 
stearr. in a carrier stream of pure oxygen, r^"* 
The oxy2'*n flow carries the steam and 
CO2 out of the furnace where the sl'^am is 
condensed and the condensate rema/ad. 
The CO2. oxysen and remaining water vapor 
enter an infrared m.ilyzer sensitized to 
provide a measure ^{ CO2 The output of 
the infrared analyzer is recorJed on a strip 
chart, afler which, the curve produced can 
be evaluated by ci^jriparing peak hei'^ht with 
^ calibration :;urve based upon stardard 
soluiions. Results are obtained .Lrectly in 
milligrams of carbon per liter. 

Application 
(1) 

Results show ths', the method is applicah'e 
for most, if pul all. Abater-soluble organic 
compotmds -- in'*luding those that contain 
sulfur, nitrogen, and vo^atiles. 

Nonvolatile organic substances can 
differentiated from volatiles, such as 
carbon dioxide or light hy-V.ocarbons by 
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determLnation of carbon both befor/ and 
after the sampk solution has been bl.-»*n 
with an inert ga'&. 

Sample Preparation 

The Carbonaceous Analyzer is often 
referred to as a total carbon analyzer 
because it provides a measure of all the 
carbonaceous material In a sample, both 
organic and inorganic. However, if a 

measure of organic carbon alone i^ dej: 

sired, the inorganic carbon content of 
the sample can be removed durin;'; farrple 
preparation. 

1 Removal of inorganic carbon 

The simplest procedure for renioving 
inorgani'- carbon from the sample is 
one of acidifying and blowing. A fev/ 
drops of HCl per 100 ml of Samplt- 
will normally reduce pH to 2 or less, 
releasing all the inorganic carbon ap 
CO2. ive minutes of blowing with 
a gas fr of CO2 sweeps out the CO2 
formed by the inoi*ganic carbon. Only 
tjie organic carbon remains in the 
sample and may be analyzed without 
the inorganic interference. 

2 Volatile carbonaceous material 

Volatile carbonaceous material that 
may be lost by blowing is accounted 
for by using a dual channel carbon 
analyzer. Beckman's new analyzer 
has the previously detailed high 
temperature (950Oc) furnacL- plus a 
low temperature (150OC) on^. Using 
quartz chips wetted wi h phosphoric 
acid, the lo* temperature channel 
sensjy only the CO2 (freed by'..the 
acia^Rn the priglnal sample. The 
' remaining organics and water ^are 
^retained in the condenser connected 
to this low temperature furnace. 
None uf the organics are oxidized hy 
the ISOOC furnace. 

By Injecting k. sample Into the low 
• temperature furnace, a peak repre- 
senting the inorganic carbon Is ob- 
tained on the strip chart. Injecting 
a nonacidified sample Into the high 



temperature furnace yields a peak 
representing the total carbon. The 
difference between the values deter- 
niined for the two psaks is the total 
organic carbon. • 

3 Dilute samples 

If the sample is dilute (less than 100 
mg/liter carbon) and is a true solution 
<no suspended particles) no funlier 
. — preparati'.n is required. 

4 Samples containing solids 

If the sample contains solids and/or 
fibers which are to be included in the 
dete- mination, theBe must be reduced 
in size so that th<«y will h.-- able to pass 
through the needle which has an .opening 
of 170 micro.ns (neccileF having larger 
op. -.ings may be obtained if necessary). 
In most cases, mixfng ihe sample in a 
Waring Blender will redu.ie the particle 
sv V. snf^'iciently for sampling. 

IV PROCEDURE R ANALYSIS 

A Interferences 

Watt , vapor resulting from vaporization of 
the sa: ^..Ur, ca*;ses a slight interference in 
.ic meiiiod. Most of th" water is trapped 
out by the ■\lr condenser positioned immed- 
iately Rfter the combustion furnace. How- 
^- yfn^^ a portion of the .'/iter vapor pass*-a 
thr. I'-e S3-8tem into the infrared d'- • 
tecto; ar.i appears cn the strip chart as 
carbon. The water blank also appears on 
the staiidard calibration curve, and is 
therefore removed from the final calcu- 
lat.on. In tests <■{ solutions containing the 
following anions.- NO3, Cl', SO"2, 'O^ , 
nc intcrffi'-j. nce was enco* /: •'red witri con- 
centration • up to one pel :nt. 

' B Precision and Accurae- 

The recovery o' -bon from standard 
solutions is 98.5 - 100. 0 percent. The' 
minimum detectable conce.'.tration using 
the prescribed operating instructions is 1 
mg/1 carbon. Generally, the data are 
reproducible to + 1 ing/l with a standard 
deviation of 0.7 mg/1 at the 100 mg/1 level. 
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V THE FLAME IONIZATION TYPE 
CARBON AN ALYZER 

An example of a flame ionization 
carbonaceous analyzer is the one 
produced by Dohrman. 

To determine TOTAL ORGANIC CARBON 
a 30 vl acidified water sample is 
injected into a eample boat containing a 
cobalt oxide oxidizer at room temper- 
ature. The boat is then advanced to the 
90" C vaporization zone v/h^re H_0, 
CO^ (from dissolved CO^. carbonates 
ancTbicarbonates) and organic carbon 
materials which are volatile at 90* C 
are swept into the bypass column. Here 
volatile organic carbon (VOC) is trapped 
on^ Porapak Q column at 60" C while 
the H^O and CO^ are swept through the 
switching valve and vented to atmosphere. 

After sample vaporization, the valve is 
automatically switched to the pyrolyze 
position and the boat is then advanced to 
the pyolysis zone. Residual organic 
carbon (ROC) materials left in the boat 
react with the Co^O at 850* C to 
produce CO^. At the same time the by- 
pass column is backflushed at 120 °C thus 
sweeping the VOC material through the 
pyrolysis zone. Both the VOC and the 
CO (frnm the ROC) are swept by helium 



into the hydrogen enriched nickel 
catalyst reduction zone where all carbon 
is converted to methane.at 350' c. 

The reduction product is swept ihrough 
the switching valve, the water detention 
column and into the flame ionization 
detector which responds linearly to 
methane* The detector output is 
integrated and displayed in milligrams 
per liter (mg/l) or parts per million 
(ppjTi) on the digital meter. 

To determine total carbon, simply set 
the function switch to TOTAL CARBON, 
and cycle an unacidified sample through 
the vaporize and pyrolyze steps. The 
switching valve remains in the pyrolyze 
position, directing ALL carbonaceous 
matter to the detector. 



tipgiiiiiiii iiif 
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VI APPLICATION'S 



; ill CONCL USIONS 



Se\ t»ral of hv many research and industrial 
applications of h»' Carbonaceous Analyzer 
are listed below-. 

A Determine the efficiency of various waste- 
water rcno\ation processes, borh in the 
laboratory and in *h(> field. 

U Compare a plant's waste outlet with its 
water inlet to determine the degree of 
contamination comribuied. 

C Monitoring a waste stream to cheek for 
produL-t loss. 

D Follow the rate of utilization oi organic 
nutrients by micro-organisms. , 

II To detect organic impurities in inorganic 
compounds. 

VII ADVANTAGES OF CARI30N ANLYZER 
A Speed 

The Carbonaceous Analyzer's most 
important advantage is its speed of 
analysis. One analysis can be performed 
in 2 - 3 minutes for a channel on the 
Beckman instrument or double that on the 
Dohi'man. This speed of analysis brings 
about economy of operation. This is 
probably more than the number of COD or 
BOD tests that can even be started, n>>ich 
less completed, in the same period of time, 

B ToUl Carbon 



The C'-bonaceous Analyz^j* provides a 
rapid „.id precise measurement of organic 
carbon in both liquid and air Samples. It 
should Li fOuiid useful for many -••locarch. 
and industrial applicaiions, a few of which 
have been mentioned. 

Because of its r-jpidity it may be found more 
useful than the more time-consjminj; BOD 
and COD measuremen.s for monitoring 
■ industrial waste sireams or waste ii-eatmeni 
processes. 
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Another advantage Is that, the measure of 
carbon is a total one. The oxidizing 
system of the analyzer brings about com- 
plete oxidation of any form of carbon. No 
compound has been found to which the 
method is Inapplicable. 



This outline was prepared by Robert T. 
Williams, Chief, and revised by Charles J. 
Mocnch. Jr.. Waste Identification and 
Anal.ysis Section, MERL, USEPA, Cincinnati, 
Ohio 45268, 



Descriptors; Biochemical Oxygen Demand, 
Carbon, Chemical Analysis, Chemical Oxygen 
Demand, Organic Matter, Organic Wastes, 
.. Water Analysis, Instrumentation, Nutrients 

Do ■ ^ 
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i - DEHNITION 

A The Chemical Qxygen Demafid'(COD) test 
is a measure of the oxyger eqaivalentof 
that portion of the organic matter in a 
sample that Is susceptible to oxidation 
under specific conditions of oxidizing 
agent, temperature and time. 



B A variety of terms have been and are used 
for the test described here as CdD: 

1 Oxygen absorbed (OA) primarily in 
British practice. 

2 Oxygen consumed (OC) preferred by 
some, but unpopular, 

3 Chemical oxygen demand*(COD) current 
preference, 

4 omplete oxygen demand (COD) 
misnomer. . ^ \^ 

^5 Dichromate oxygen demaiid (DOC)- 
earlier distinction of the current pre- 
ference for COD by dichromate or a 
. specified analysis such as Standard 
Methods. \ \ 

6 Others have been and are being used. 
Since 1960« terms have been generally 
agreed upon within most prote^sional 
groups as indicated in I- A and B-3 and 
tile explanation in B-5. 

C The concept of the COD is almost as oid 
as the BOD. Many oxidants and varia- 
tions in procedure have been proposed, 
but none have been completely 
satisfactory. 

1 Ceric sulfate has been inve8tigat<-d« 
but in general it is not a strong 
oxidant. 



2 Potassium permanganate was one of 
the earliesft oxidants proposed and 
until recently appeared in Standard 
Methods (9th ed. ) as a standard pro- 
cedure. It is currently used in 
British practice as a 4-hr. test at 
room temperature. 

a The results obtained with perman- 
ganate were dependent upon concen- 
tration of reagent^ time of oxidation^ 
temperature^ etc. , so that results 
were not reproducible. 

3 Potassium iodate or iodic* acid is an 

' excellent oxidant but methods employing 
this reaction are time-consuming and 
require a very close control. 

4 A number of investigators have used 
potassium dichromate under a variety 
of conditions. The method proposed 
by Moore at SEC is the basis of the 
standard procedure. 2) statistical 
comparisons 'with other -methods are 
described. 

5 Effective determination of elemental 
carbon in wastewater was sought by 
Busweiras a water quality criteria. 

(4) 

a Van Slyke^ ' described a carbon 
determination based on anhydrous 
samples and mixed oxidizing agents 
including sulfuric, chromic. Iodic 
and phosphoric acids to obtain a 
yield comparable to the theoretical 
on a wide spectrum of components. 

b Van Hall, et al. , used a heated 
combustion tube with infrared 
detection to determine carbon quickly 
and effectively by wet sample 
injection. 

6 Current development shows a trend to 
instrumental methods automating 



CH.O. OC. lOe.3,75 
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conventional procedures or to seek 
element:il or more specific group 
determination. 



11 RELATIONSHIP OF THE COD TEST WITH 
OTHER OXIDATION CRITERIA IS 
INDICATED LN TABLE 1. ^ ^ 

A Table 1 



Test 


■Test 
-Temp.°C 


Reaction 
time 


Oxidation 
system 


Variables 


BOD 


1 20 

1 

1 

1 


days ■ 


Biol. prod. 
Enz, Oxidn. 


Compound, environ- 
ment, biota, time. 
„ numbers. Metabolic 
acceptability, etc. 


. COD 


145 

0 


2 hrs. 


50% H2SO4 
K2Cr207 
May be cata- 
lyzed 


Susceptibility of ' 
the test sample to 
the specified 
oxidation 


IDOD 


20 


15' 


Diss, oxyg. 


Includes materials 
rapidly oxidized by 
direct action. 
Fe . SH. 


Van Slyke 
.Carbon detn. 


400+ 


1 hr. 


H3PO4 
Hf03 
H2SO4 
K2Cr207. 
' Anhydrous 


Excellent approach 
to theoretical oxl- *^ 
dation for most 
compounds (N-nll) 


Carbon by 

combustion. 

+IR 


930 


minutes' 


"Oxygen atm. 
catalysed 


Comparable to 
theoretical for 
carbon only. 


Chlorine 
Demand 


^0 


20 min. 


HOCl aoln. 


Good NH3 oxidn. 
Variable for other 
compounds. 



B From Table 1 it is apparent that oxidation 
is the only common item of this series of 
separate tests. 

1 Any relationships,among COD fit BOD 
or any other tests fere 'ortuitous be- 
cause the tests measure 



^ the oxidizability of ^ given sample 
under specified conditions, which are 
different for each test. 

2' If the sample is primarily composed 
of compounds that are oxidized by 
both procedures (BOD and COD) a 
relationship .may be established. 
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' a The COD procedure may.be sub- 
stituted (with proper qualifications) 
for BOD or the COD may be used 
as an indication of the dilution 
required for setting up-30D 
analysis.' 

b If the sample is characterized by a 
predominance of material that can 
be chemfr - . 'v, but rjpt biochemi- 
cally oxi1'.:.f J, the COD will be 
Tgi'eater lirm t..e BOD, Textile » 
wastes, paper mill wastes/ and' 
other -vastes containing high con- 
centrations of cellulose have a 
high CPD. low BOD. 

c If the situation in item b is reversed 
the BOD will be higher than the 
COD. Distillery wastes^or refinery 
wastes may have a high BOD« low 
COD, unless catalyzed by silver 
sulfate. 

d Any relationship established as in ^ 
2a will change 2n response to 
sample history and tenvii'onment 
The BOD tend? to decrease more 
rapidly than the COD. Biological 
cell mass or detritus produced by 
biological action has a low BOD 
but a relatively high COD. The 
cod/bod ratio tends to increase 
with time, treatment, or conditions 
favoring stabilization. 

ni Advantages and limitations of 

THE COD TEST<2) aS RELATED TO BOD 
A Advantages 

1 Time,, manipulation, and equipment 
costs are lower for the COD test. 

2 COD oxidation conditions arc effective 
• for a wider spectrum pf, chemical 

^ compounds. 

3 COD test conditions can be standardized 
more readily to give' more precise 
results. 



4 COD results are available while the 
waste is in the plant, not several 
days later, hence, plant control is 
facilitated. ^ 

5 COD resalts are "useful to indicate 
downstream damage potential in- the 
form of sludge deposition. ^ 

6 The COD result plus the oxygen uquiva- ' 
' • lent for ammonia and organic nitrogen 

is a gjood estimate of the ultimate BOD 
for many municipal wastewaters. 

B Limitations 

I Results are not applicable for estimating 
BOD except a^ a result of experimental 
evidence by h-th methods on given 
sample fype. , 

,2 Certain compounds are not susceptiblt.' 
to oxidation under COD conditions or 
are too volatile to remain in the oxida- 
tion flask long enough^to be oxidized. 

Ammonia, aromatic hydrocarbons, 
saturated hydiy) carbons, pyridine, and 
toluene are examples of materials with 
a low analytical response in tht COD 
tesl. 

3 Qichroma^te in hot 50% sulfuric acid 
requires xlose control to maintain 
safety during manipulition. " 

* • . ' . 
' 4 Oxidation of chloride to chloririe is not 
closoly related to BOD but may affect 
COD" results, 

5 It is not advisable to e:q)ect precise 
COD results on saline v/ater^ 



IV BACKGROUND OF THE STANDARD 
METHODS COD PROCEDURE 

A The COD procedure^ considered dichro- 
mate oxidation in- 33 and 50 percent sul 
furic acid. Results Indicated preference . 
of the 50 percent acid concentration for 
oxidation of sample components. This is 
the basis for the present standard 
prarcedure. , 
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B ^luprs^^^ suggested addition -of silver 
sulfate* to catalyze oxidation of certain 
low moljecular weight aliphatic acids and 
alcohols. The catalyst also ii::iproves 
o^iidation of most other organic components 
to some extent but does not make the COD 
test unlversaUy-applicable for all chemical 
pollutants. 

C The unmodifi^ed COD test resxflt (A) Includes 
6xidatioh of chloride to cKlorine. Each mg 
. of chloride will ha^^e a COD equivalent of 
0.23 mg. Chlorides mustbe determiner! 
in the sample and the COD result corrected 
accordinglv. ^ 1 * ^ 

1 For exan>ple, if a sample shows 3 00 ^ 
mg of COD per liter and 200 mg Cl\ 
per liter the corrected COD result will 

' be 300 -(200 X 0. 23)or 300 - 46 = 254 
mg COD/,1 on a chloride corrected basis. 

2 Silver sulfate addition as' a catalyst 
tend^9 cause partial precipitation of * 
silver, chleride even in the hot acid solu- 
tion. Chloride corrections are ques- 
tionable unless the chloride is oxidized 
before a'ddltion of silver sulfate^ i. e.« 
reflux for 15 minutes for chloride ox- 
idation, add Ag^SO* and continue ttje 

. reflux or use orHgSO.iD). 

r 

\. 

D Dobba and Williams ^"^^ proposed prior 
• ' comple::atlon of chlorides wj.th 9gS04 to 

prevent chloride oxidation dur mg the test. , 
A ratio of about 10 of Hg*^ to 1 of CI" (vrt. 
basis! appears ese>»*ntial. The Cl~ must 
be camplexed In 'acid solution before addi- 
tion of'dichrom?te and ^Iver sulfate. 

1 P'or unexplained reasons the IlgSO^ . 
tcomplexatlonrdoeg not completely 

prevent chloride oxidation in the 
presence of high chloride concentrations. . 

2 !• actors have been developed to provide 
some estimate of error In the r^ult 
due to incomplete control of chloride 
behavior. Thpse tend to vary with the 
sampl(: and technique employed: 



E It is hot Ukely that COD results will 
inin^ high 



be 

precise for samples containing I 
chlorides, ^ea water contains'lSOOO tq 
^21000 mgCr/l normally. Equivalent 
chlorid** correction for COD exceeds 



4000 mg/1. -The error in chloride 
determination may give negative COD 
results upon application of the correctlop 
Incomplete control of chloride oxidation 
with HgS04 msy give equally confusing 
results. 

^gSO^^ appears to give precise results 
for COD lyhen chlorides do not exceed 
about 2000 mg/l. Interference in- 
creases with increasing chlorides at 
higher levels. 

« 

F The 12th edition of Standard Methods re- 
duced the amount of sample and reagents 

. to 407f of amounts^utilized In previous 
editions. • There hSs been no change in 
the relative proportions in the test. This 
step* was, takerv to'reduce the cost of pro- 
viding expensive mercury and silver sul- 
fates required*. Results are comparable 
Igng^as the proportions are Identical. 
Smaller allquots of sample and reagents 
rfifiolre mpre care during manipulation 

^ to promote 'precision. • • 

G The EPA Methods for COD 

1 For routine ifev^ COD (samples having 
an organic carbon concentration 
greater than 15 mg/ liter and a djloride 
concentration Xess.than 2000 mg/Uter)f ' 
the EPA specifies the procedures found 
in Standard Methods ^'^onii in ASTM^^X 

2,. For low level COD (samples with less • 
than 15 mg/ liter organic carbon and 
chloride conc^tr^-tion iefi^ than '-2 000 
mg/ liter), EPA provides aiTanalyitical * 
procedure i^i. The differencet-Trom 
the routine prootrdure primarily in- 
volves a greater sample volume and 
niore dilute solutions of dichromate ^ 
^ and ferrous ammonium sulfate. 

3 For saline samples (chloride level 
exceeds 2000 mg/liter). EPA provides 
an analytical procedure"' involving 
preparation of a standard curve of COD 
versus mg/liter chloride to correct 
the calculations. Volumes and concen- 
trations fo!r the sami$le and reagents 
are adjusted for this type of determination 
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V PRECISION AND ACCURACY*^* 

Eighty sbc analysts in 58 laboratories 
analyzed a distilled water solution contain-, 
ing oxidizable organic material equivalent 
to 270 mg/1 COD. The standard deviation 
was : 17. 76 mg/l^OD with an acciiracy 
aF percent relative error (bias)-of —4. 7%. - • 
For»a solution equivalent to 12.3 mg/1 
COD (low level), the standard deviation 
was I 4. 15 mg/1 with an, accuracy as percent 
relative error (bias) of 0. 3%. (EPA Method 
Research Study 3) 

VI REMARKS PERTINENT TO EFt-'ECTIVE 
,^OD DETERMINATIONS INC^^UDE' 

A Sample size "and COD limits for 0. 250 N 
reagents *are approximately "as given. 
For 0.>p25 N reagents multiply COD by 
0.1. 'Use the weak reagent*for COD's 
in th& range of 5-50 mg/I. (low level).. 



Sai,mple. Size 

20 n.l 
10 ml 
5 ml 



mg COD/1 

2000 
4000 

boon 



Most organic materials oj^idize rela- 
tively rapidly under COD test condi- 
tions. A significant fraction of 
oxi'^tion occurs during the hegting 'upon 
addition of acid but the orange color of 
dichromate should remain. If the 
sample color changes, from orange t/. 
green after acid addition the sample was 
too large. Discarci>wUhout reflux and 
repeat with a smaller aliquot until the 
color after mixing does not go beyond 
a brownish hue. The dichromate color 
hange is less ra^id with" "sample com- 
ponents that are slowly oxidizqd under 
COD reaction conditions. 

Chlopide concentrations should be known 
for ail test samp.'.es so appropriate 
anal3irtical techniqaes can be used. 

Special precautions advisable for the 
regular COD procdure and essential 
when using 0.025 N reagents include: 



Keep the apparatus assembled 
when not in use. 

Plug the condenser breather tube 
y^'Vfi r^^'ip wool to minimze dust 
entrance/ 

/ 

Wipe the upper part of the ilask 
and lower part of the conde.iser 
wiih a wet towel before disassembly 
to minimize sample contamination. 

Steam out the condenser after u.se , 
for high concentration samples and 
periodically for r<:gular samples, 
^se the regular blank reagent mix 
and heat.- without use of ccndr-nser 
water, to clean the apparatus of 
residual oxidizahlc components. 

Distilled water and sulfuric acid 
must he of very high quality to 
maintain low blanks on the refluxcd 
samples for the 0. 025 N oxidant. 



VII NPDES .METHODOLOGY 

Under the National Pollutant Discharge 
Elimination System, the accepted method 

Federal Register, vol. 41. no. 2;12, 
part II, Wednesday, Dec. '.. 1976) for 
doing the chemical oxygeii demand test 
is.given in Standard Methods (2), p. 550;-' ' 
ASTM(8). p472: & the KPA manual (i/), p. 20. 
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I rCVTJPE OF SURFACTANTS AND 
y/NTHETlC DETERGENTS 

A Definitions 

1 Detergent.s 

The dictionary states that the vert}, 
deterge, means to wash off or to 
cleanse. Detergency denotes a 
cleansing power or quality. 

I^rson^^) characterizes a good de- 
tergent as a material which is water 
soluble, permits the water solution 
to penetrate capiJJarles by lowering 
Interfacial tenslon'(wettlng action), 
breaks up or separates pat.lcles 
having agglomerated (dispersing 
action), and links the dirt or oil 
particles with the water (emulsify- 
ing action). 

2 Surface active material (Surfactant) 

This term Is reserved for those 
organic compounds which exhibit 
detergent properties plus stability 
toward hardness. They are aole 
to alter the surface or Intcrfaclal 
properties of their solutions to an 
unusual extent, even when plresent 
In low concentrations. 

3 Syr.thetlc detergents 

The term, synthetic detergent. Is 
no! rigorously defined. In general, 
however, it Is a niaterial which 
contains a surfactant plus one or 
more builders. 

4 Builders 

A builder Is a compound which l^ 
used to enhance the cleansing char- 
acterldtlcs of a synthetic detergent. 

sodium sulfate, sodium silicate, 
• iodium chloride, sodium trlpoly- 
■ phosphate, and carboxymethyl 
cellulose are examples of builders 



which might be found in household 
or industrial synthetic detergents. 

B Cbemlcal Behavior of Surtactants 

On the basis of their ionization in water, 
surfactants may be classified as anionic, 
cationic and nonionlc. 

1 Anionic surfactants 

These are the most widely used in 
the manufacture of synthetic deter- 
gents and are therefore the greatest 
contributors to pollution. They 
are characterized by the fact thai 
they Ionize in water to give an anO 
Ion of large size and mass and a J 
cation of small size and niass. 

a Soap exhibits detergent p rope r- 
tles a^ld Ionizes as described 
abovff, but has become less 
popul:»r for detergent use be- 
cause* of Its lack of stability 
toward hardness. 

CiiH23C02Na C11H23CO2 + Na+ 

(Soap) (Anion) (Cation) 

b The a3)^>-i ary? sulfonates 
repreSeiit. a i!eccnd type of 
anionic e^.-:'- tanl. 

R-C6H4-S03Na -* U ^,^4-803- + Na"^ 

(Aikyl aryl sulfonate) ^on) (Cation) 

The CqH^ group,Uig »cprcs«r.?i 
a benz'*ne ring; the R reprcsen'* 
a chain of cariion atoms, if rhe 
chain is "straight" the a/jcyl 
aryl sulfonate Is referred to as 
LAS. If the chain Is "brarched'' 
the term .iBS Is applied. 

c AllQ^l sulfates comprise the 

third type of amonlc surfactant, 

R-OSO^Na — R-OSO3" + Na"^ 

(Alkyl sulfate) (Anion) (Cation) 



CH. DS.lSe, 11.77 
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Ii again represents a chain of 
about twelve carbon atoms con- 
nected in' straight line fashion. 

Cationic surfactants 

Compared to ^he anionic surfact- 
ants, the production of the catlonics 
is stitall. They are noted for their 
germicidal properties and are used 
as sanitizing agents in connectiQn 
with laundering and dishwashing. 
They ionize in water to give a 
cation of large size and mass and 
an o on of small size and mass. 



3 

Cation 



CI 



Anion 



was stated to be its ability to link dirt 
or oil particles with the water (emulsi- 
fying action. ) This linking ability can 
be considered by using an slkyl aryl 
sulfonate anion as an example. 

R-C6H4-SO3- 
(Alkyl Aryl Sulfonate Anion) 

The R-CgH^ portion of the anion is 
referi^d to as being hydrophobic (water ' 
repelling): i. e.. it is inscluble in wate;'. 
but soluble in grease and oil. The SO3 
portion of the anion is hydrophllic 
(water attracting^: i. e. . it is soluble in 
water, but Is insoluble in grease at^*i 
oil. In Figure 1 below, the rod repre- 
sents the hydrophobic portion of the 
alkyl aryl sulfonate anion and the ball 
represents the hydrophllic p&rt of the 
anion. Zn dilute water solution the an- 
ion orient themselves around the dirt 
and grease particles as shown in Fig- 
ure 2. The dirt and grease particles . 
thus coated (emulsified) show little 
tendency to coagulate and settle. 



Interaction of cationic and anionic 
. surfacta:its yields compounds . . 
which have neither germicidal 
nor detergent properties. 

3 Nonionic surfactants 

These do not ionize in water. 
They show little tendency to foam 
and are probably constituents of 
the so-called "controUe,^ suds" 
detergents. Compounds, such as 
those illustrated, may have from 
5 to 12 "ethoxy" or ether groups. 

CB"l7"-S"4-°S"4<°^2"4'n-°" 
(A Nonionic Ether) 

C Physical Behavior of Anionic Surfactants 
One of the functions of a good detergent 




Figure 1. 




Figure 2. ACTION OF SUP - «• jTANT 
ON DIRT PAR'nCiJES<''> 
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WASTES FROM THE USE OF 
SYNTHETIC DETERGENTS 



Sources of Wastes 
1 Domestic M^stes 



Table 3, MBAS CONTENT OF OHIO RIVER 



The concentration of synthetic de' 
tergents (reported as MBAS) in raw 
seivage varies as shown in Table I. 

Table I. MBASCONTENTOF RAW SEWAGE (6) 





MBAS in raw 


City 


sewage (mg/1) 


Oakland, California 


4. 4 


Ponca City, Oklahoma 


11.8 


Cincinnati, Ohio 


3. 1 


West New York, New Jersey 


13.8 



2 Laundry wastes 

The average charapteristlcs of a 
composite waste from a laundro- 
mat or small laundry "^per "'ion, 
are presented in Table 2^. 

Table 2. LAUNDROMAT EFFLTONTCS) 



Effects of Detergent Wa>"*«»s on iVater 
Quality 

1 Foaming ' 

MBAS Novels l'» raw water at or - 
below ihe U.^HS Standards of 0.5 
mg/l. do not cause fqaming. At 
lev«;!s of 1 mg/1 or above, foaming 
can occur. 

Treble 3 presents a summary of 
MBAr&concentrations found in tKe 
Ohio River from 1954 to 1959, and 
reported by ORSANCO. 



WATER (1954 - 1959) 


Value 


' MBAS (mg/1) 


Median 


0. 12 


Average 


0. 16 


Weekly High 


0.59 


Weekly Low 


0. 01 



2 Persistence in biological treatment 

a Tetrapropylene ABS 

Studies have iridioated that 
branched ABS compounds made 
by alky lating benzene witii 
tetrapropylene (see Figure 3) 
are jnly 40-70% biodegradable 
in «:iv«:;ventionalactlva*ed sludge 
treatment. Consequently, they 
are Icnown as biologically 
"hard** compounds * 

It has been hypothesized^^) 
that the structure of the ^12^25 
benzene sulfonate Isomer, 
which would be most difficult ■ 
to degrade, would be; 



COD 


MBAS 


pH 


Suspended 




(mg/l) 


(mg/1) 


(mg/1) 


SoUf'.. 










(mg/lD 




344 -445 


5C-90 


7.0-8. 1 


140 ' 163 





CH, 

C — 
I 

CH, 



CH, CH, 
I 3 '3 

- C — C — CH, 



Linear alkyl sulfonate (L<\S) 

On the contrary, compounds 
made by alkylating i;4}enzene 
with n-parafiins (see Figure 4) 
have shown up to 98% blode- 
gradability in conventional 
activated sludge treatment. 
These biologically *'8oft" sur- 
factants known as LAS (linear 
alky I 81 i'onate) compounds. 



90 



14-3 



Determination of Surfactants 



I Tetrapropylene (C12) 



AUcylatlon 



Br&r.ched Aikylbenzene 
(Ct? Isomers) 



Sulf^ation and 
Neutralization 



Branched Aikylbenzene 
Sulfonates 



Figure 3. HOW ABS IS MADE 



have been developed commer- 
cially_ to replace biologically 
hard ABS compounds. 

c Nonionlcs 

Ethoxylated alkyl phoenol com- 
pounds containing less th^n 5 
ethoxy groups have shown 90% 
to 95% blogradabllity. Larger 
numbers of ethoxy groups tend 
to increase resistance to bio 
logical treatment. 

. Eutrophi cation 

The phosphate content of detergent 
wastes adds to the nutrient content 
of raw water. When the other es- 
sential nutrients are present* 
nuisance algal growth is promoted. 

Compounds derived from amino 
carboxylic ajid hydroxycarboxylic 
acidn are being considered as sub- 
^ stitutes for the phosphace builders 
in order to decrease the nutrient 
load to streams and lakes. 



lU 

A Sa: 



ICAL METHODS 
ollect^on 



If a sample cannot be analyzed promptly « 
several procedures may be followed in 
order to preserve the sauipie. 

1 Freezing will retard biological 
activity. 

2 The addt. .on of 0. 8 mg concentrated 
H2SO4/I of sample wiUalso retard 
biologicalactivity and thus preserve 
the sample. 

It should be noted that losses of MBAS' 
have been found to occur when samples 
are stored in polyethylene containers. ^2} 
It IB believed that these losses are due , 
to adsorption of MBAS* on the sides of 
the containers. 



n -Paraffins 



ckloriJ 

\ 

j Mono-Chloroparaffins 



\ 

Alkylation 



Straight-Chain Sec- 
Alkylbenzenes 



\ 

Sulfonation ^d 
Neutralization . 



Linear Aikylbenzene 
Sulfonates 



Figure 4. HOW LAS IS MAD£ 
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(H3C)2N 



cr + R" 



-SO3 Na+ — > 



N (CH3;2 i 



METHYLENE BLUE 



-i 



(H3C)2N" 



SO» 
I ^ 
O 
I 



+ Na* cr 



'^N(CH3)2 



Figure 5. METHYLENE BLUE METHOD FOR ANIONIC SURFACTANTS 



B Anlanics - Methylene Blue Method 

1 Principle 

Methylene'blue reacts with anionic 
surfactants (and other chemical species) 
to form a blue-colored* sii^tly Ionized 
salt which is soluable la chloroform-. 
The color intensity of this product in 
this solvent Is measured at a wave- 
length of 652 nm in a spectrophotometer. 
Range of application Is 0. 025- 100 mg/liter 
for LAS. 

Surfactants and other chemical species 
which z>eact with me'thylene blue are 
classed as methylene blue active 
substances (MBAS>. 

2 This Is the method of analysis for 
MBAS listed in the current EPA • - 
Methods Manual (10). Reagent 



..preparation and procedural details 
can be found in Standard Methods (11) 
and ASTM Book of Standards (42). 

3 Interferences 

a Glassware used in this method must 
be acid cleaned so that it is free of 
even a' trace of surfactant material. 

b Organic sulfates* sulfonates* 
carboxylates* phosphates and 
phenols will complex methylene 
blu^, caqslhg hi^ results. 

c Inorganic cyanates* chlorides* 
nitrates and thlocyanates form 
ion pairs w5th methylene blue', 
again causing high results. 
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d Organic compounds, especially 
amines, can compete with the 
methylene blue for the surfactant, 
causing low results, (e.g. 
proteins In sewage). 

4 Precision and Accuracy 

An Analytical Referep^ Service 
study in 1968^^^^ obtained the 
following data: 

a On a sample of filtered river 
water, spiked with 2. 94 mg 
LAS/liter, 110 analysts' obtained . 
d mean of 2.98 fng/liter with'a 
standard deviation of 0.272. 

b On a sample- of tap water spiked 
with 0.48 mg LAS/liter, 110 
analysts obtained a mean of 0.49 
mg/1 vrlth a standard deviation 
of 0. 048. 

c On a sample of distilled water 
.spiked wfth 0.27 mg IJ\S/Uter, 
110 analysts obtained a mean of 
0. 24 mg/1 with a standard ~ 
deviation of 0. 036. 

C Noniohics 

1 Methods for nonionlcs have been based 
on formation of a Cobaltho-thiocyanate 
complex and subsequent colorlmetric 
measurement, Burttschelr^' proposed 
.a more sensitive method (0. lmg/1) in 
which a complex with the heterpoly acid 
of tungsten is formed, hydrolyzed, and 
-colortoietrically measured as WO4 
dlthlol. 

2 Infrared method (3) . ' 

The Soap and Detergent Association 
has developed a referee mtfthod which 
measures 'true" ABS or LAS, as 
oDposed to "apparent" ABS or LAS, 
with the. methylene blue method. This 
/nethod consists of extensive clean-up 
procedures, followed by IR 
identification. • . 
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OIL AND GREASE 



I DEFINITION 

A, De&iition 

In the field of wastewater treatment, 
the terms oil and grease are not 
clearly defined. They are partially 
characterized by the analytical 
method used for their, determination. 
A sample Is extracted with an organic 
solvent which Is then separated from 
the water and. evaporated. The 
residue is termed oil and greasf ^ * 
regardless of its composition. Low ' 
boiling components, such as lubricating 
oil and kerosme. are lost, to some 
extent, during the solvent removal step. 
The determination of gasoline by the 
solvent extraction method is completely 
unreliable. Thus, the term oil and 
grease Is operationally defined. 

B National Pollutant Discharge 
Elimination System (NPDES) 

Under provisions of thu 1972 Amend- 
ments to the Federal Water Pollution 
Control Act (Public Law 92-500). the 
NPpES pUces limitations on the 
concentrations of pollutants which may 
be discharged to receiving bodies of 
water. One such pollutant Is termed 
oil and grease. Thus, although the 
term is not clearly defined in the area 
of wastewater tre nent, it does have 
significance under v\e NPDES. 

- C Components 

•/In wastewater, the term gre&se ' 
includes 6uch classes of compounds as 

. waxes, fatty acids, fats, and oils. 
Classes of compounds referred to as 
oils are low to high molecular weight 
hydrocarbons, such as gasoline, heavy 
fuel oils and lubricating oils, and 
animal and vegetable glycerldes which 

. arc liquid at ordinary temperatures. 

II OCCURRENCE 

Materials classified as oils and greases 
enter receiving bodies of water and 



wastewater treatment plants from 
households and industries which either 
manufacture or use the groups of 
compounds mentioned above. Examples of 
such industries are meat processing 
plants, petroleum refineries, petro- 
chemicals, trucking, laundry, machine 
tool and steel. 

Ill TREATMENT PROBLEMS 

A Oil and grease cause special problems 
in-the handling of household and certain 
industrial wastes, because they have a 
low solubility in water* and therefore 
tend to separate from the water phase. 

B Hiey form scum layers in primary 
settling tanks, sludge digestion units. 
. and/inal clarlflers. They coat . 
particles, producing floating masses 
which are unsightly and odorous. 
When oil and grease coat organic 
particles, oxygen transfer and b£o- 
degredatlon are inhibited.* "Such 
interference can, occur in the activated 
sludge process, as well as in triclding 
filters. In activated sludge plants, high 
_oil/grease concentrations can result in . 
"significant carryover of biological solids, 
duning final clarification by entrapment 
of blofloc in the floating scum layer. 
Oil and grease are resistant to 
both aerobic blodegredatlon and 
anaerobic digestion. These materials 
cling to equipment surfaces such as 
, pipelines, pumps, screens, and filters, 
thus reducing their operating efficiency. 
^ Also., t^ey j^^re a safety hazard* in waste- 
' >* * water treatment plants, coating walkways 
and ladders. Grease particles are often 
present ih an emulsified form. The 
emulsifying coating is sometimes not 
broken until the grease enters seccndary>M 
treatment units or the receiving stream. 

IV WATER SUPPLY PROBLEMS 

Even small quantities of Oil and grease 
can produce an objectlonal odor and 
appearance ih public water supplies, if 
these niaterials are^foand in water 
contemplated for use as a public water 
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^upplyr the source may be rejected, 
even before a health problem is shown to 
exist* 

V ANALYTICAL METHODOLOGY 

A NPDES 

The analysesfor pollutants performed 
under the NPDES (seu I. B. above) are 
to be performed according to specified 
methodology. This methodology Is 
spelled out In the Federal Register,' 
■ Wed.. Dec, 1, 1976, vol. 41, no. 232, pt 11, 
pgs 52780r52786u The Federal Register cites 
the Freon extraction on^g 515 of the 14th ed. of 
Standard Methods & an almost Identical pro- 
cedure on pg22& oftheE:PA nsthods manialCZ) 
as tie procedures to be used when analyzing a 
wastewater sample for oil and grease. 
Steps in the analysis include: acidification 
of the sample with 5 ml of 50% by volume 
sulfuric acid per Uter of sample, 
extraction of the sample with several - 
portions of Freon (trichlorotrifluoroethane, 
boiling point 47«C; Dupont Freon 
precision cleaning agent or equivalent), 
combining the Freon portions in a tared 
distlUing flask, JlstlUing off all but about 
10 ml of the Freon, boiling off the 
remaining Freon, drying the flask, cooling 
and weighing. The milligram ipcrease in 
weight, multiplied by 1000, and divided by 
the mlllili^rB''of sample, givee the 
milligrams ^f oQ and grease*per liter of 
sample. 

, * 
.< B Other Analytical Procedures, non NPDES 



1. Standard Methods (1). 

In addition to the above ."approved" 



2. U. S. EPA Methods Manual 

In addition to the above "app^ved 
methods the U. S. EPA methods 
manual (2)- carries two other procedures. 
In the first, the acidified sample Is 
filtered through a muslin cloth disc 
overlaid with fUter paper; zVJter aid is 
' - also used. The fUter paper any any 
solids clinging to the muslin are then 
extracted In a Soxhlet apparatus with 
hexane. The solvent Is fivaporated and 
the increase In flask weight is used to 
calculate the mg of oU/grease per liter 
of saiaiple. The second Is an Infrared 
method very similar to ^hat given in 
14th Standard Methods (1). 

3 ASTM t3) lists no parameter specifically 
referred to as oil and grease. - 

C Sample Collection and Storage 

"Hie method referred to In V. A. above. 
. directs that the sample must'be 
rtfpres^tative. llowever, since oil and 
grease yrlU be found on the surface of a 
body of water, the sample will not be 
representative of the body of water as a 
whole. The glass stoppered sample bottle 
should be washed with solvent and air dried. 
It should also be marked on the outside, to 
indicate the desired sample volume. None 
of the oil and grease should be loot by 
clinging to the glass stopper. Tiierefore, 
the bottle should not be filled to the top. 
Preservation Is accomplisfied by adding 
5 ml of 50% by volume sulfuric acid per 
liter of sample. No holding tim^ is 
specified, but it is generally good procedure 
to begin the analysis as soon as possible. 



method, 14th Standard Methods -{1)" also 
carries two other procedures applicable ^ 
to wastewater. The first is tentative, and 
involves an extraction identical to that 
described above, followed by infrared 
detection, "nie second utilizes Freon 
in a Soxhlet extractor. An eighty cycle 
extraction Is followed by evaporation of 
the solvent and weighing of ihe residue. 

I 
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DEO'ERMINATION OF PHENOUCS 



I DEFINITION AND SIGNIFICANCE^. 

A Defmition 

The phenolic cc i.-.. .s in water ^ 
chemistry are delined as hj droxy dy-" 
rivatlres aC^enzene and Its fonctensed 
nuclei. The^ occu; ji domestio and 
industrial wastewaters ?jid in drL\king 
yater supplies. 

B Pher.ol and chlorinated derivatives it\ 
. water affect fish and water quality. 

1 Fish 

The thresiiold limit of toxicity at 
infinite time for certciin species of 
^ * fish Is of the order of a few mlUi-^ 
grams per liter. Some chlorinated 
phenols exhibit toxicity in concen- 
trations as low as O.^'mg/!. 

• 2 Fish flesh tainting ^ 

' !Flsh living ih waters ci leL^er 
phenolic concentrations can acquire 
an uhplejLsant and obnoxious taste. 

• 3 Water quality 

^ The p^ese,Dce of as little as 14 
Mg/1 of the chlo'rinated^henols can 
impart a taste to drinking water. 



CHLORINE DERIVATIVES OF PHENOL 
.CAUSING TASTE AND ODOR<^^ 

All chlorltiatlon products may contribute 
to the intensity of t-»Tte and odor. 

At maximum taste and odor intensity. 
<he major contr^tor is 2\ 6-dlchloit}-* 
phenol. \ 



The chlorine -to- phenol ratio at- maximum 
intensity of taste and odor is 2:1. The 
prc^rtion of 2, 6-DCP wus greatest at 
the 2;1 chlorine >-io-phenol ratio. ^ 

PRESERVATION AND STORAGK 
OF SAMPLES " ' * 

Since phehoUcs are subject to oxi/iation, 
samples should be arialyzed within 4 
hours of collection. 

Samples can be preserved and stored 
up to 24 hours as follows: 

' 1 Adjustment of pH to less dian 4.0 widi 
H3FO4 

2 Aeration, if sulfides arc* present 

3 .Addition of 1. 0 p CuSO^. SH^o/Jiter 
» '4 • Storage 'at 4°C 



IV DETERMINATION OF PHENOLICS 

A NPDES Methodology 

The 2976 Feoeral Register Guidelines for 
• National Pollutant Discnarge Elimination 
System (NPDES) requirements specify 
distillation to separate out interferences, 
followed by the 4-amionoantipyrine {4AAP) 
colo. Inletric d^ierminalion. Pnenol is to be 
' used as a standa/;d. 
. . Cpnnments on the procedure can be found 
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in tne EPA. J.Ietnods .M'-jiual. 



(2) 



The step- 



wise procedure can be found in Standard 
Methbds<3) found in Standard Methods and 
ASTM<4). ' 

Other Ansilytical Procedures 
For purposes otner tnan NPDES require- 
ments* Standard Methods^^^ lists a 4AAP 
method for hdlogenafed pnenols wtiicn 
employs 2, 4-dichlorophenol as a standard. 
It ajso presents a gas-liquid cnromato- 
grapnlc metnpd for. samples containing 
certain' phenolics present in c^t'icenil^atlons 
greater tnan 1 mg/ liter. 
Tnin-layer chro matbg'raphy has also betn 
utilized for phenol and certai n substituted ' 
pnenols in raw surface water. 

/ - '■« 16-1 
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Determination of Phenolics 



PRETREIATMENT AND DISTILLATION 
OF SAMPLESO. 4) 

Depending on interferences present, 
samples must be treated prior to the 
color de*erminati(». 

P retreat ment of Samples 

1 Oxidizing agents, as detected by 
the odor of chlorine or by the 
starch>iodide test, are vf^oved 
immediately after sampling by 
' adding an excess of ferrous sulfate 
or sodium arsenite. 



1 Phenols are distilled from non- 
volatile impurities. 

^ Addition of copper sul&te to sarnie 
forms CuS, thus preventing the 
formation of H.S or ISO. which 
interfere with 6i» deterrc^ination. 
CuSO^also prevents biochemical 
degradation of phenolics. 

3 Acidification of tiie sample with 

phosphoric aci^assures the presence 
of the copper i6n and prevents the 
forzxiation of Cu(OH)2, an oxidizer 
of phenolics. 



• 2 Oils and tars in a sample mixy con- 
tain phenolics. An alkaline extrac- 
tion to remove these is required 
prior to rdding CuSO' and dis- 
tillation. ^ 

^ It siilfur compounds are present, 1.^. or 
SO2 and the f»mple hits not been preserved, 
acttflfy Ae sample to less than 4 with H3PO4 
and aerate It bfiefiy. (These treatments 
are part of Uie preservation procedure'if 
this presence of sulfui compounrls Is known). 

Distillation 

NPDE5 specifies a preliminary distillation 
to remove common Interferegces. The rate 
of '•oiatlllzatlon of phenols is gradual so the 
volume of the distillate should equal that of the 
sample being distilled. ' If the sample was not 
preserved, acidify It with 1 + 9 H3PO4 
and add copper sulfate solution; 



VI 4-AMINOANTII*YRINE DETERMINATION 

A Applicability*^'** 

This method determi. j phenol, orUio 
and me ta- substituted phenols, and para- 
substituted phenols in which the substitution 
is a carbojcyl, halogen, methoxyl, or sulfonic 
acid group. It does not determine those para- 
substituted phenols in which the substitution 
is an alkyl, aryl, niirc. benzoyl, nitroso or 
aldehyde group.' Parac.resol'is an example 
of a common phenolic that is not sensitive 
to this determination. < 

Method*^'** 

After pretreatment and dlstiUaticm, the 
sample is reacted with 4-aminoantip)rrine 
at pH 10. 0 + 0. 2 in the presence of 
potassium ferricyanlde (an ovldant) to 
produce colored antipyrlne dves. '(See 
Flguce 1). - . 



4-ftminoantipyrlne -i- rih&nol - 




antipyrlne dye ^ 
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An absortiance measurement Is made 
and the phenolic concentration Is 
estimated using calibration curve 
with phenol as a s^K^ard. 

1 For orlRinal phenolic \pncentratlons less 
* Chan LO mg/ltter, che r^Ltlon product dyes 
ore concentrated using Cbloroform 
Extraction Mechod. Cell pach lengths of 5cm 
■ or more are required for very low levels, vil 
Absorbance is measured at 460 nm« and the 
results expressed as ug/llter phenol. 



For original phenolic concentrations greater 
than 2.0 mg/llter»^^^ the' reaction product 
dyes are kept In the water solution for a 
Direct"' Photometric determination. - EPA 
lists 0.05 mg/liter as a lower limit. Absoit- 
arice is measured at 5t0nm. « and the results 
ire expressed as mg/liter phenol. This 
method Is applicable to original phenolic 
concentrations up to 50 mg/liter. 

"Details of reagent preparation and 
thcstepwlse^procedures can be found 
in the current editions of Standard 
Methodst3) and ASTM Staivdards (4). 



Sensitivity varies with pH. A 
buffer Is used to maintain pH at 
10. 0+0,2 to prevent the form- 
ation of antlpyrine red and t& * 
minimize interference from " 
anlliii'e and undesirable enol-kcto 
systems, 8) 

The amounts of 4-aminoantlpyrine 
and potassium ferrlcyanide used 
have a definite bearing on the 
amount of color developed. ^"'^'^ 
The EPA manual notes that the ammonium 
'hydroxide- ammonium chloride buffer used 
in the water hardness test Is an altelmatlve 
to the chemicals used in the othefr write-ups 
to raise the pH to 10 + 0.2.* 



Filtration of the chloroform 
extracts removes water and in- 
creases their color stability to 3 
hours4, The mixtures measured in 
water solutions are not too stable ' 
and should be read within 30 
minutes. 

(6) . 



PHENOL STANDARD 

1 Because phenol is extremely 
sensitive to the 4-aminoantipyrinc 
determination; the calibration ' 
curve used in the procedure is 
derived using phenol standards. 
These standards arc prepared on > 
the day of use by diluting a more 
concentrated stock solution of phenol. 

The stock solution of phenol can be 
prepared by direct weighing. If 
extreme adcuracy is required* this 
stock solution can be standardized 
using a bromate-bromide solution. 

2 Phenollcs, (substituted phenols) 
respond with various sensitivities 
to this test and produce colors of 
various densities. An example is 
this comparison of'th,e absorbance 
values pftthe cresols to that of 



phenol-J^ 



Compound 

phenol 
orthocresol 
metacresol 
paracresol 



Absorbance Values 
Compared to Phenol<%) 

100 

69 



Most phenolica sensitive to the test 
produce dyes with absorbancy maxima 
at or near the same wavelenf^h so a 
photometric determination can be 
made. . - 

(3.7) 



Temperature affects, the rate -^f 
color, change of the product dyes 
and df the blank. All materials 
used should be at the same 
temperature. 

(6.8) c 

Direct sunlight or strong artificial 
light may have a bleachlnff effect 
on the colored materials.^®' 



Vra ACCURACY' 

Results are aii approximation and rep- 
resent the minimtun amount of phenol 
and phenollcs present. 

4l> 
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1 Only phenol is used as the color 
standard since it is impractical 
to prepare a standard* containing 
a mixture of phenol and phenoUcs 
corresponding to each sample, 

2 Different phenoUcs exhibit 
different sensitivities to the test, 

3 Different phenoUcs produce differ > 
' ing shades of color which affect the 

^al absorbance reading for the 
mixture. 



K PRECISrON^^) 

Reproducibility of resuUd depends on 
on the interferences present in samples 
and on the skill of the an^yst. 

1 Using the Chloroform Extraction 
Method to concentrate color, six 
laboratories analyzed samples at 
concentrations of .9,8, 48,3 and 93,5 
Mg/Uter, Standard deviation res- 
pectively, was 0,99, 3, land 4,2 
Mg/Uter, 

2 Using the Direct Photometric 
Method, six laboratories analysed 
samples at concentrations (rf 4,7, 
46, 2 and 97, 0 mg/Uter, Standard 
deviation, respectively, was 0,18, 
0.48, and 1,58 mg/Uter. 
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INTRODUCTION TO GAS-UQUID CHROMATOGRAPHY 
Part I 



I INTRODUCTION 

A Definition 

Gas -liquid chromatography Is an analytical 
' method for the separation and Identiflcadon 
of a mixture of volatile (usually organic) 
components in a sample. As with any 
chromatographic technique the column 
consists of two phases, the immobile or 
statlonazy phase (a liquid on an inert solid 
support), and the mobile phase (an inert 
gaa). The column functions to separate 
the sample components becaiLse Uiey have 
varying vapor pressures and affinities for 
the stationary phase. In many ways the 
colunrn behavior resembles that of 
- fractional dlstillatlor.. The partition which 
occurs between the mpblle and Immobile 
phases will thus cause the components to 
. proceed through the column at varying 
rates. The separation Is recorded and 
quantltated by the detector system. 

B Advantages 

1 Gi^ cfin be used to separate compounds 
of similar boiling points which cannot , 
easily he separated by distillation.^, \. 
(See Table 1) \. 

2 GLC can be extremely sensitive; for 
example, usin^ the* election capture «. 
detector It is possible to "see" 
plcogram {10*^2) quantities. 



Table 1, SEPARATIONS BY GLC 



CompoiuiuS 


- Reference 


3 "Methylcyclohexene ' 
(B^P. 104oc)and 
4 -Me thylcy clohexan 
(B.P. 103OC) 

Cyclohexane (B.P. 
<80.6OC) and Benzene 
(B.P. 80.2OC) 


Aerograph Research- 
Notes. (Spring 1964) 

Chifoipnosorb News- 
letter (FF-104) 



C Disadvantages 

1 Due to the extreme sensitivity 
possible it is often necessary to 
apply extensive cleanup techniques. 

2 The many variables of the technique 
require a skilled analyst. 

n COMPONEI4TS oip.A GAS 

CHROMATOGRAPH (See Figure 1) 

A Gas Supply 

The mobile phase (carrier gas) transports 
the sample componenta-through the 
colunm into the detector. The type of 
gas used varies with the detector .(Sed 
Table ?) 

B Injector ~ 

Liquid samples are m'^nually .introduced 
into thq heated inject o» block through a 
rubber septum by means of a syringe. 
Automatic liquid injectors as well as 
injection systems for solid and gasrous 
• samples are commercially aya.ilable. 

C Column 

The vaporized sample enters the crlumn 
which can be glass or metal and of varying 
length (1» - 20») and diameter (1/8" - 1/4"). 
The column is packed with the stationary 
(immobile) phase and contained within a 
constant temperature oven. 

1 Solid support 

The solid support should have a large 
stirface area yet be inert so that active 
sites wiU not caus^ adsorption of 
sample components. Dlatomaceous 
earths, teflon and glass beads have 
Heen used. (See Table 3) 



CH.MET.cr. 5b. 1.74 
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f 

Figure I. COMPONENTS OP A GAS CHROMATOGRAPH* 



Table 2, CARRIER GASES 



Detector 


' • Carrlsr gas 


Thermal conductivity 


Helium (Purified, 
Grade A) 


Mic roc 0 ulome^ "ic ' 


HeUum (Purified. 
Grade A) 


Flame ionization 


Hydrogen (Purified) 


Electron (Rapture 


Nitrogen or a rii^xture 
of 95% argon and 5% 
methane (Purified) 


_^.»Table3, SOLID SUPPORTS 


.: Support 


Surface area (m^/gm) 


ChromoTorD P ' 
(Diatomaceous Earth] 


4. 8 


Chromoaorb W 
(Diatomaceous Earth) 


1.2 


ChromoBorb G r 
(Diatcnnaceous Eartld 


0.5 


Chromosorb T >. 
(Teflon) 


7.0-8.0 
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2 Stationa.ty liquid ' 

The separation «:?iJ i;«rtit^0n occurring 
in the column is dl:«ctly affected by the 
choice of stationary liquid. For ex- 
ample., in the separation of benzene 
(B. P. 80. l^Ct and cyclohexane (B, P. 
80. B^C), the choice of a non -polar pihase 
3iuch as hexadecane results in benzene 
preceding cyclohexane off the column. 
However, if a more polar phajBe such as^~ 
beiizylbiphenyris chosen cyclohexane 
precedes benzene. Table 4 shows some 
typical stationary liquids and their uses. 
(NOTE: One requirement for any. liquid 
Is that it have a high bolUng point so that 
it wlU not boll off the columtO 

D Detector ■ ; 

The detector or brain of the gaa chroma- 
vJgraph senses and measures the quantity 
of sample component coming off the column. 
The detector should be maintained at a 
temperature higher than the 'column so that 
condensation does not occur in the detector 
block. Several ^ea of detectors are in 
use today." 

♦Reproduced (with permission) from Chemistry . 
(37:11. p, 13, November 1984), 
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Table 4. STATIONARY UQUIDS 



Stationary liquid 


Used to separate 


Silicone oils QF-1, Dow Corning 200, 
and Dow 11, OV-1, OV-Z, OV-17, 
OV-Z:*}, OV-225 , 

Silicone oil SE-SO 

Benzyl-Cyanide-Silver Nitrate 

Polyethylene Glycol 

Cyanb. Silicone 


Chlorinated hydrocarbons 
pesticides 

Homologous series of n-alkanes 
Homologous scries of olefins 
Amines 
Steroids 



1 Thermal conductivity 

This detector consists of a Wheatstone 
bridge two arms of which are thermal 
conductivity cells each containing a 
small heated element* When only carrier 
gas is flowing through both the sample 
cell and reference cell, the resistance 
of the heated element is constant in both , 
cells. The bridge remains balanced and 
baseline- is recorded. However, when 
carrier gas plus sample component enter 
the sample cell, the thermal conductivity 
in that cell changes thus also producing 
~ a change In the resistance of the heated 
element. The bridge becomes unbalanced 
and a peak is recorded. The main dis- 
advantage of the TC cell in water pollution 
work is its lack of sensitivity. 

2 lonl^zation detectors 

8 Flame 

"This detector consists of a flame 
situated between a cathode and anode. 
As carrier gas alone bums, some 
electrons and negative ions are pro- 
duced which are collected at the 
anode and recorded as baseline. 
When carrier gas plus sample com- 
ponent are burned, more electrons 
and negative ions are produced which 
result in a peak on the recorder. 
The detector is capable of "seeing" 
nanogram quantities of organic com- 
pounds; however, the detector is 
'sensitive' to all organic compounds. 
This lack of specificity produces dis- 
ad^ :.atages in the anp Veils of water 
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extracts \iMch contain a variety of 
naturally occurring organics. .-- 

b Electron capture (See Figure 2) 

This detector consists of a radiation 
source (e.g. . .tritium) capable of 
producing slow electrons in ^. carrier 
gas such as nitrogen. The electrons 
collected at the anode are recorded 
as baseline. When, sample com- . 
ponents which have an electron 
affinity (e.g.. chlorinated hydro- 
carbons) enter the detector, electrons 
are "captured. " The subsequent de^ 
crease in current. is recorded as a 
peak. The detector has the advantage 
that it is extremely sensitive (pico- 
gram range) and is somewhat selective. 

c Thermionic^ 

A recent adaptation of the flame 
ionization detector shows promise 
for the specific Analysis "of organic 
phosphorus compounds. An alkali 
salt is Incorporated into the design 
of a conventional flanie ionization 
detector so that the salt heated by ' 
the flame produces an ion current. 
When compounds containing phos- 
phorus emerge frr/m the column, 
they give 600X the response with this 
detector as with the conventional 
- flame. 

3 Micrccoulometric 

Although less sensitive (by approximately 
a factor of 10) than electron capture. ' 
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loss OF f---* R^OUCESCURREHT 



Figure 2. ELECTRON CAPTURE DETECTOR (Wilkens Instrument Company) . 



this detector is finding wide tise in 
pesticide analysis. Tltls highly specific 
detector consists of titration- cells for 
the measurement of chloride -containing ' 
and sulfur- containing compoxmds, . The 
sample component emerging fronr'che 
column is combusted to produce lifCl 
or S02f respectively. HCl is continu- 
ously titrated by silver ions present ^n 
the cell; the amount of curj'ent rcqiulred 
to regenerate these silver ions ib 
recorded as a peak'.., The system for 
sulfxir containing compounds is analo- > 
go US except that SOg produced is con- 
tinuously titrated by I. which is 
subsequently regenerated. 

Another microcoulometric detector has 
recently t)een applied to the specific 
determination of nitrogen. It Is based 
on the reduction of nitrogen-containing,^ 
compounds to NH« which is then titrated 
by H in the titraUon cell. 

^^JZoulson Electrolytia Conductivity 

This detector was primarily developed, 
for the clete*(etion of organic halides. ^ 
organic nitrogen compounds « and 
orjtanlc sulfur compounds. 



The unit consists of pyrolyzer with a 
separately' heated Inlet block* water * 
circulating and purification system, 
detector cell and dc conductivity 
bridge. The sample is oxidized or 
reduced and reaction prodiicts form' 
■ electrolytes when dissolved in the - 
deionlzed water. Changes in con- 
ductivity between two platinum 
electrodes are measured by the dc 
bridge. (Figure 2 a) 

E Recorder 

The recorder system registers the 
^ response of the detector tp sample 
components. In the case of ionization . 
detectors, it is'often necessary to employ 
an electrometer in order to amplify the 
small current changes,' 

Expensive integration and digital read- out 
equipment is also available to fticilitate* 
measurement of peak areas , 
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Figure 2 a. FLOW DIAGflAM OF ELKCTROLYJTIC CXDNDUCTIVITY DETECTOR 
(Coitlstfn Instrunvents Company) 



1 1 1 1 \ 

SAMPLE: » (UofSUndarriHa'ticldo Mlx- 
turaUnf ufcach P«ttlcltl« /5t>l) 

COLUMN: I^nKtti-<' X6 mm 
_* SUttocwry Phaio - 10% DC 20u , 

on Antkrom ARS<00/ tob Menh) 
Mobil* Phair. 180 mi /mlnN2 
T»mp*r«turr-2I0*'C 

DErECTOR: Electron Cnfrti 




Figure 3. GAS CHROMA TOGRAM OF PESTICIDE MIXTURE . 
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m QUALITATIVE ANALYSIS 

A Retention Time 

The retention time of a sample component 
is defined as 'the time it takes for that 
component to travel through the coliunn. 
There are a niimber of variables which 
affect khe retention time of a compound. 

J. Physical parameters of coliunn 
operation 

a , Column length •< > 

b Column temperature 

c Carriftr gas flow rate 

2 The nature and amount of stationary 
Uquld itself 

For a given set of column conditions, e* 
specific r:ompdund will have a specific 
retention time (See Figiire 3 and Table 5). 
Various column and detector combinations 
can be used to confirm Identification. 

B Retention Volume 

Retention volume is defined as the total 
volume of gas required xti move a com- 
ponent through the col'jr, •> 



RETENTION 
VOLUME (Ry) 



RETENTION ^ FLOW 
TIME (R^)"* ^ RATE 



C Relative Retention Ximes and Volumes 

•?. 

It is possible to interpret data more easily 
by reporting retention data relative to a 
particular compound (e.g., aldrli^ ^s in 
Table 5). 



IV QUANTITATIVE ANALYSIS 

A Measurement of Peak Area 

The quantity of sample component present 
is jdirectly proportional to the area imder 
its peak. (NOTE: This assumption can 
only be made if it has been previously 
determined that a linear response is ' 
obtained in the range under stutfy'. ) The 
following are a few of the ways In Which ' 
this area can be measured. 

1 Flanimeter ^ 

2 Trlangulation . . , 

3 Peak l.eight X half -width (see dieldrln 
peak in Fj,gure 3) 

AREA » peak height X peak half-width 

4 Disc aitlegrator 

B Measurement*^ of Peak Height 

With the electron capture d«tectorut may 
be possible to use peak height for Wnti- . 
tative measurements where the following 
con^^t4ons are met. 



Table 5,' RETENTION DATA FOR FIGURE 3 



Pestl^i-ide 


Retention Time (R^) 


Relative Retention 
Time 


Heptachlor 


3.3 minutes 


0.79 


Aldrln- 


4.2 ° 


1.00 . 


Heptachlor Epoxide 


5.3 


1.26 


Dieldrln 




1.84 
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1 A steady basline Is obtained. ^ 

2 Retention times can be reproduced 
from one injection to the next. 



V SUMMARY 

The basic components of a gas chromatography 
havft been des«"ribed. Elementary aspects of 
quantitative and qualitative analysis are 
presented. 
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2 Littlewood, A,B. GaS Chromatography. 
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QUANTITATION IN GAS CHROMATOGRAPHY 



I INTRODUCTION 

One of the factors which has led to ga& 
chromatography '9 rapid development in the 
field of instrument analysis is the quantitative 
precision with which. samples can be analyzed. 
There are several equally imports^t factors 
involved in quantitative analysis.- These are: 
Accurate sample introduction, ^constant 
operating parameters* accuracy of peak area 
measurement, sensitivity factors of individ- 
ual compounds, linearity of detector and 
columns which give well resolved peaks. 



JI CALIBRATION PROCEDURE,, 

A Peak Height and Peak Area 

Quantitative work is based on peak height 
or area. Peak height measurement is . 
more rapid' than peak area; however, plots 
of peak height vs. sample size are'more 
non-linear than corresponding plots for 
peak area. This is because peak heights 
and widths are frequently dependent on 
sample size and sample feed volume, how- 
ever; total area is not. Peak heights are - 
generally used if samples are less than 
10 for packed columns and 0. 1 ^g for 
capillary columns. 



B .Direct Calibration 

Blendo of components in question are 
prepa'-^ d and chroma tographed. The 
value of peak heights or areas are then 
plotted agairtst the weight of sample 
injected. The unknown sample is th^n 
injected and itj pc^k height or area is 
^ compared to that of the standard'. 

, The main disadvantages of direct calibra- 
tion are that the precise amount of * 
sample injected must be known and that 
calibration is time consuming. Also. 

, the^sensitivity of the detector must remain 
constant from run to run and day to day 
in order to compare results with the 
calibration .graph. 

C Internal Standardization 

This is a common procedure ufied in 
biomedical analyses, such as alcohol in 
blood, and steroids in serum ancf'urine. 
Known weight ratios of the component in^ 
question and a standard (marker) are 1 
prepared and chroma tographed. The 
component/ standard area ratios gbtained 
are then plotted vs; the component/ 
standard weight ratios. 




WEIGHT OF COMPONENT 



lis 
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To the unknown* add a known volume con- 
centration of the standard. This mixture 
is then chromatographed and the 
component/ standard area ratios are deter- 
mined. By determining the corresponding 
component/ standard weight ratio from the 
graph, the unknown amount of the com- 
ponent can be determined. 

e. g. : To the unknown* add 5 ml of a solu- 
tion containing the standard whose 
concentration is 100 pig/ ml. Upon 
chroma to graphing the mixture, the 
area ratio vtLb found to be 8; there- 
fore, the weight ratio is 7 (see 
graph). Knowing standard concentra- 
tion to be 100 Jig/ ml, then the 
component concentration is 7 X 100 
. Kg/ ml. Sliice we added 5 ml of 
standard solution, then the total 
amount of the unknown is 5 ml X 700 

« 3500 \ig or 3. 5'mg. 



D Internal Normalization 

This is used when only approximate 
data are required. Assuming all the 
components have been eluted, the per- 
cent composition of a component within 
a mixture is its area divided by the 
sum of the areas. 




•'••f ft ) 




A particular advantage of using the 
internal standardization method is that 
the amount injected need not be accurately 
measured. Also, the detector response 
need not be known or rpmain constant 
since any change in sensitivity will not 
affect the area ratio. 



This method also assumes that area 
percent equals weight percent. This 
may only be true when analyzing close 
boiling components of a -homologous 
series. To obtain the weight percent, 
it is necessary to multiply each area 
by a correction factor. 



The chief disadvantage of this method 
is the difficulty in finding a standard 
that does not interfere with a component 
in the sample. It is also time consuming. 
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NORMALIZATION OF AREAS 
(CORRECTION FACTORS) 



A Normalization for Thermal Conductivity 
Detectors 

This procedure r^es on the fact that 
each compound unique thermal 

conductivity cell response. For quanti- 
, ■ tative -\nalysls, the thermal bonductivity 
of the sample should be approximately a 
linear function of its composition in ie 
range concerned. From the areas under 
each peak and the relative responses that 
are characteristic t>f each p'^ak* it is 
possible to determine the quantity of each 
component in the'sample. 

Sample calculation: 




2 The weight percent is calculated and 
the known densities are used to convert 
percent. 

3 Inject several samples and plot peak 
^ area (or height) vs. volume injected. 



COMPOUND 
Ethanol 
HsptaM 
Benzene 
Ethyl AceUte 



AREA 
6,0 
9.0 
4.0 
7.0 



RELATIVE T.C. 
RESPONSE PER MOLE m 

72 

143 

100 

111 



EUuuiol 
Heptane 
Benzene 



■ 0.070 
TTT ■ 0.083 



Ethyl Aceute - b.0«3 



NORMALIZE 
0.070 * 
0.23S 

0.063 
0. 23S 

0.040 
0.23S 
0.063 
0.236 



TOTAt 



0. £36 



MOLE % 
29.6 

" 26.7 

17.0 

26.7 
100.0% 



B Normalization for Mass Detectors 

1 A standard solution of compounds a. 
b« c« d« and e in a solvent is prepared. 
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Note that intercept on "X" axis 
corresponds to an injection error of 
0. 5(il. Therefore, actual amount 
injected "uncorrected 0. 5 (U. For 
2. 5 |U (cc.rr. ) injected, the density 
values are uc6d to determine the actual 
weight W. injected..- 

The corresponding area of each peak is 
determined and.the response in cm^/p-g 
is determined. 

Using compot^d "a" as standard 
(correction factor a 1), the correspond- 
ing correction factors are determined. 
See the Table on Page 8-6. 



V STATISTICAL TREATMENT OF DATA 

A Accuracy and Precision Data 
. (ReproduclbUity)<3.4) 

Accuracy is a measurement bt the 
difference between the value and the 
determined values. In those cases in 
which the true value is not known,, it is 
necessary to express the exactness of a 
measurement in another way. This may 
be done by obtaining the average pf a<' 
number of measurements and finding the 



difference (deviation) of each value from 
the average value. The ma^tude of - 
deviation is a measure of the precision of 
measurement. 

■ ■ sr. 

It is seen that accuracy .expresses the 
correctness of a measurement, whereas 
precision expresses the reproducibility of 
a n^easurement. ! ? 

The accuracy and reproducibili^ achieved 
in gas chromatography depend on many 
things: amon^Hhem,. the.correctxhoice of 
colum^j, temperature, flow rate, sample 
' size, detector, and injection system. 

Highest performance demands bonsiderabile 
understanding of the chromatographic 
..process and of the effects of change in a ^ 
large number of variables. However, even 
witli ill-designed apparatus, analyses can 
usually be conducted with an accuracy 
better than + 10 percent per component) 
When precautions are taken,i an accuracy 
and reproducibility of about + 1 percent 
per component is easily attainable. , 

B Errors 

Errors fall into two classes. Determinate 
errors are those whose cause and magni- 
tude can be determined. (Errors in method. 
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appaVat'js, operator, etc. ) Indeterminate 
errors are random errors which cannot be 
eliminated. The distribution of indeter- 
niinavc errors follows the normal probability 
law as Hhown in the error curve. This 
curve shows that positive and negative 
deviations are equally probable and that 
small deviations occur much more 
frequently than large ones. 




-2a -a ' 0 +a -r2a 

O » Standord Doviotion 
to • 68% 
±20 ' 95% 



3 Integrators 

a Mechanical integrators are exem- 
plified by the Disc Integrator. This** 
is a device which is attached to most 
strip chart recorders. The integia- 
tor pen tracing is displayed at thp 
bottom of the chromatogram and the 
pen speed is proportional to the dis- 
placement of the recorder pen from 

, baseline. (See tripl^^e runs of the 
nonanedecane mixture.) This is a ■ 
frequently used, accurate device. 

b Electronic integrators are devices 
, which automatically print cumulative 
integrals of peak area. In additiofl 
to offering outstanding precision, 
electronic integrators automate 
chromatographic operations. This 
eliminates the time consuming 
necessity of the chemist keening 
a watchful eye on the operation. 
Its biggest disadvantage is its cost. 



V MEASUREMENT OF AREAS 
A Metbgds 

1 Cutting and weighliig>'is a fairly accurate 
but <tedious procedure. Besides the 
errors, that may arise from thickness 
and moisture content of the paper,' the 
chromatogram'is destroyed. It is not 
satisfactory for estimating areas of 
overlapping peaks. 

•« . 

2 The planimeter is a devise whose 
acquisition is rarely justified. In 

' ^ addition to being very fatiguing, it is 
necessary to acquire considerable 
practice in its man^ulation. The 
sensitivtfy'of a normal planimeter is 
usually 10 mm^,~ which is in many 
cases insufficient for an^ytical 
purposes. , • 



4 Triangulation 
a Gaussian peaks 
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VOL.* 


4 

VOL INJECTED, id 


W 

f 
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b Tailing or leading peaks, trapezoidal 
construction. 



Triplicate analysis- of nonane^decane mixture 




B Comparison of Integratioa Methods 

Using several of the above methods on the 
triplicate runs, of the nonanedecane mix- 
ture, the followinj ♦nble was obtained: 



COMPARISON OF mTECRATION METHODS 
« M 13 Avj. 



MODEL 471 DIGITAL INTEGRATOR 



n-I^ODaM 39.156 

B-Decsae 60. 844 

DISC INTEGRATOR 

D-KoBAiu 39. 33 

D-Denas 60. 67 

TRUNGULATION 

B-Nonane 40.77 

' D-Decaae 59.23 



39.150 
60. 850 



38. S7 
61.03 



40. 68 
59.32 



39.193 
30.807 



38.91 
61.09 



40.07 
S9.93 



39.166 
60. 834 



39.07 
80. 93 



40.51 
S9.49 



0.0716 
0.0227 



0.22 
0. 23 



0.38 
0.99 



0. 58 
0. 88 



0.184% 
0.037% 



O.S6% 
0.38% 



0.94% 
0.66% 



1.37% 
1.01% 



WEIGHING PAPER ' 

B-Nooue .42.58 41^73 42.83 42.38 

B-Decane S7.42 58.37 S7.17 S7.62 

. Summary: Electronic digital integration Is the most precise qi!»r.tltatlon 
method; weighing paper is the least precise. Based upon this and other ' 
data in this publlcatipn, the electronic integrator give 2 to 5 U me s more 
precision than Disc Integration, 4 to 10 times more.p'reclalon than . 
triangolation, and 7 to 25 times more precision than cutting and weighing 
paper, . *" • . ^ 
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Qoantitation in Gas Chromatography 



C Measurement of Overlapping Peaks 

1 Components present in equal amounts. 



Since broken line tan- 
gent to peak y intersects 
baseline after peak x 
has reached Its maxi- . 
mum, then peak heights 
may be used. If broken 
line tangent to peak y 
intersects baseline be- 
fore peak X has reached 
its maximum, then i 
various known mixtures 
of X and y are prepared, 
chromato graphed, and 
compared to the urJoicwn 
X and y. 



2 ' Trace analysis (less than 20 ppm) 

a Trace component eluting before 
major peak. 




Trace component on tail of major 
peak. 



Assuming one 
has tried all 
conceivable 
columns and 
conditions, ex- 
tend baseline 
as a continuation 
of the solvent 
peak and deter- 
mine area. 
Compare this 
area with a 
sj^thetic mix- 
ture. Also, one . 
can "spike" the 
sample with 
known amount 
of the trace 
component and 
compare area 
before and after. 




J 



In any trace 
analysis, one 
should choose 
a column and 
conditions which 
will allow the 
minor peak to 
elute before the 
major peak. 
This is easier 
to qoantitate, 
. and generally, 
peak height 
methods are 
used. 
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POLYCHLORINATED BIPHENYUS 



1 INTRODUCTION 

PDlycfalorinated Blphexiyls (PCB'b) have been 
i^dely dlscuBsed in the literature and news 
xnedia in recent years. Althou^ the topic 
levels have not "been thoroughly evaluated, 
limits for ccmcentrations^ drinklbg water 
have been set at IOOM*g/i. Current studies 
have indicated PCB'b to have a lower chronic 
toxicity than DDT by a factor of at least 2. 
Toxic levels for animal life vazy' considerably 
with spcfcles. However, ■ due to the pronounced 
capacity of aquatic life to acctunulate PCB's 
in the nag/1 range and hence become toxic or 
killed from exposure to, PCB's in the low pg/l 
range, a mayjTinHni allowable coicentration 
of 25 mg/l has been recommended* 

If OCCURRENCE 

The widespread use of PCB's have resulted in 
the releaBe into the environment of these 
materials. They have been found in rainwater, 
human tissue and many species of wildlife. 
Originally intended for industrial chemicals 
because of their nonflammabilily, high 
dielectric cooostant and plasticizing abilities, 
their use ^B gra;;ni steadOy amounting to an 
estlmkted use of'*^0,000 tons in 1972 in the 
United States alone. Since the findings of PCB 
in the environment, the use of these materials 
have been reduced to about 20, 000 tons/year. 
Sales of PCB's for all .general plastidzer 
applications were discontinued on August 30, 
1970, and are being phased oqt in other 
applications. These compounds are, like the 
chlorinated hydrocarbon pesticides such as 
DDT, very slow to degrade once they have 
^ntered the envlronnient, and once ingested, 
are stored in the bo<^'s fatty tissue. The 
PCB's produced commercially are mixtures, 
incorporating some 50 or more of the 210 
different PCB compounds. These mixtures 
are produced commercially in the United 
States solely by one company tmder the trade . 
name of Arochlor. 



in ANALYTICAL M£THODOLOGy 

The method of analysis for these compounds 
uses gas chromatography and is part of the 
National Pollutant Discharge Elimination 
System. The method can be found in the Federal 
Register, 38, No. 75, Fart XL Because of 
the similarity in nature between the PCB and 
chlorinated pesticides, the same method can 
determine both. In fact. If both are present, 
they cause interferences in the Identification 
of each other. Consequently, the analytical 
method contains a technique to separate the two.' 

Basically the method utilizes an extraction 
step with 15% methylene chloride in hexane 
and subsequent concentration. Then aii initial 
run is made on a gas chromatograph to 
determine the complexity of the sample. If 
other interferences, or the degree of complexity. 
Is too large, an additional clean up procedure 
must.be carried out. Ultimately the PCB's 
are determined on the G. C. This determination . 
Is expressed as the Arochlor number after the 
basic chromatogram for the particular mixture 
has been Identified*. The method covers the 
determination of certain poly chlorinated blphenyl 
mixtures including: Arochlcrs 1221, 1232, 1242, 
1248, 1254, 1260, vand 1016. The limit of 
detection is approximately 1 ug/1 for each 
Arochlor mixture. 



REFERENCES ' - 

1 Metl^od for Polychlorinated Biphenyls tPCB's) . 

in Industrial Effluents. Federal Rt'glster, 
. ' 38, No: 75, Part II. USEPA Euvlr-onmental . 
Monitoring and Support Laboratory, 
Cincinnati, c^o .45268. 1973. 

2 Lee, F. C. and Vslth, G. PosltiCii Paper 

on Chlorinated Biphenyls. University of 
Wisconsin. Madison, Wisconsin. August 
1970. ^ 



123 

CHiPES,23. 12.75 



Polychlorinated Blphenyli 
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I-ABORATORY PROCEDURE FOR DISSOLVED OXYGEN 
Wizikler Metbod-Azide Modiflcatioxi 



API^LICABIUXY 



A Xhe a.zide xncxHX ication ±B used for 
most wsLStewaters and sti*eazzi8 
which contain nitjrate ru.troi;en 
and not more than 1 of ferrous 

iron/1. If I ml 40% KF solution is 
added before acidifying the sample anci 
there ls,Oo delay in titration* the method 
is also applicable in the presence of 
1OO-200 mg ferric iron/1. 

B Reducing and oxidizing materials 
should be absent. . 

C Other materials which Interfere with 
the azide modlAcation are: sulfite* 
thiosulfate* appreciable Quanitlties- of 
free chlorine or hypochlorite* high 
suspended solids* organic substances 
readily oxidized in a highly alkaline 
medium* organic substances readily 
oxidized by iodine in an acid medium* 
untreated domestic sewage* biological 
floes, and color which may interfere 
with epdpoint detection. A dissolved 
o3^gen" meter should^ be used when 
these materials are' present in the 
sample. 



II REAGENTS 

Distilled water is to be u'sed for the 
preparation of all solutions. 

A Manganous Sulfate Solution 

r * 
Dissolve 480 g MnSO^" 4H.O (or 400 g 
MnSO *2H O. or 364*g TVMSO - H O) in 
water ^nd dilute to 1 liter. ^ 

B Alkaline-Iodide-Azide Solution 



D Starch Solution 

I*repare an emulsion of lO g of soluble 
starch in a mortar or beaker with a 
small quantity of water. Pour this 
emulsion Into 1 liter of boiling water* 
allow to boll a few minutes* and let 
■ settle overnight. Use the clear supemate. 
This solution may be preserved by the 
addition of 5 ml per liter of chloroform 
and storage in a refrigerator at lO^C 

E Sodium Thiosulfate Stock Solution O. 75 N 

Dissolve 186. 15 g Na^S O^- SHg^ in boUed 
and cooled water and dilute to X liter. 
Presez*ve by adding 5 ml chloroform. 

F Sodium Thiosulfate Standard Titrant O. 0375N 

Dilute 50. O ml of stock solution to 1 liter. 
Preserve by adding 5 ml of chloroform. 

G Potassium Biiodate Solution 0«0375N 

Dry about 5 g of KH <I03)2 at 103"C'for 
two hours and cool in a desiccator. 
Dissolve 41 873 g of the solid in wa^er and 
dilute to 1 liter. Dilute 25 O ml of this 
solution to 1 liter. 

H Sulfuric Acid Solution 10% 

Add 10 ml of cone sulfuric acid to 90 ml 
of water. Mix thoroughly and cool. 

I Potassium Iodide Crystals 



III STANDARDIZATION OF THE TITRANT 



Dissolve 500 g sodium hydroxide (or 
TOO g potassium hydroxide) and 135 g 
sodium iodide (cr ISO g potassium iodide) 
in water and dilute to«. 1 liter* To this 
solution add lO g of sodium a^lde 
dissolved In 40 ml water. 

C Sulfuric Acid« Cone. 



A Dissolve 1-3 g of -potassium iodide in 
100-150 ml of water. " 

B Add lO ml of 10% sulfuric acid and mix. 

C Plpet in 20 ml of the 0..0375N potassium - 
biiodate and mix. Place In the dark for - 
5 minutes. 



The strength of this acid is ' 38 N. 
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Titrate with the 0.0375N sodium 
thiosulfate standard 'titrant to the 
appearance of a pale yellow color. 



CH, O- do. lab. 3c. 10, 76 
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Laboratory procedure for Diasolved Oxygen 



Mix the solution thoroughly during the 
titration. ^ 

E Add 1«2 ml of starch solution and mix. 
The solution is now blue in color. 

F Continue the addition of the Utrant« 
with thorough mixing* until the 
solution turns colorless. 

G Record the ml oi titrant used. 

H Calculate the N of the sodium 

thiosuUate standard titrant. It will be • 
almost exactly 0. 0375. 

• N = (ml X N) of the bUodate 
ml of titrant 

= 20.0 X 0.0375 
ml of titrant 

= 0.75 

ml of titrant 



IV PROCEDURE 

A Addition of Reagents 

1 Manganous sulfate and alkaline 
iodide -azlde 

To a full BOD botUe (300 ml + 3 ml), 
add 2 ml manganous sulfate solution 
and 2 ^ alkaline -iodide azlde reagent 
with the tip of each pli>ctte below the 
surface of the liquid. 

2 Stopper the bottle without causing 
formation of an air bubble. 

,3 Rinse under running water. 

4 Mix well by inverting 4-5 times. 

5 Allow the precipitate to settle until 
at least 100 ml of clear supernate 
have been produced. ' 

6 Repeat steps 4 and 5. 

7 Add 2 ml cone, sulfuric acid with the 

tip of the pipette above the surface of v , 
'the liquid. 



8 Stopper the bottle without causing 
formation of an air bubble. 

9 Rinse under running water. 

10 Mix by inverting several times to 
dissolve the precipitate. 

11 Pour contents of bottle into a wide- 
mouth 500 ml Erlenmeyer flask. 

B TITRATION 

1 Titrate with 0. 0375N thloaulfate to a 
pale yellow color. 

2 Add 1-2 ml starch solution and mix, 

3 Continue the addition of the titrant. 
with thorou^i mixing, until the 
solution turns colorless. 

4 Record the ml of titrant used. 

C CALCULATION 

mg DO/ 1 = ml. titrant x N titrant x 8 x 1000 
' ml sample 

If the N of the titrant exactly = 0. 0375, ^ 

mg DO/i = ml titrant x 0. 0375 x 8 x 1000 
300 

» ml titrant x 1 
» ml titrant. 
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Methods for Chemical Analysis of Water 
& Wastes. U.S. Envlxonm^cal Protection 
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BIOCHEMICAL OXYGEN DEMAND TEST 
DILUTION TECHNIQUE 



I GENERAL 



A Standard Methods (1) lists three ways 
. of diluting biochemical oxygen demand 
(BOD) samples: in a 1 or 2 liter 
graduated cylinder* in a bottle of known 
capacity (e. g., the BOD bottle), or in 
a> volumetric flask for dilutions greater 
than 1: 100, followed by final dilution 
in the incubation bottle. 

B The dissolved oxygen (DO) determina- 
tions may be made usiiig the azide * 
modification of tl^e Winkler procedure, 
or a DO meter. 



D Calcium Chloride Solution - dissolve , 
27. 5g anhydrous calcium chloride, 
CaCl^* in water and dilute to 1 liter. 

E Ferric Chloride Solution - dissolve 

0. 25g ferric chloride, FeCl , in water 
' and dilute to 1 Uter. 



F Dilation water - add 1 ml each, of 
solutions II B, II C, II D, and U E for 
each Uter of distilled water (IIA). If the 
dilution water is to be store i, acjd the 
phosphate buffer (IIB) just before tise. 



II REAGENTS ^ 

A Distilled water - obtained from a block 
tin or all glass still: or use deionized 
water. It must contain no' more than 
0. 01 mg of .copper/liter. It Inust be 
free of chlorine, chloramines, caustic 
alkalinity, organic material and acids. 
Aerate the water in one of three ways: 
* loosely plug. the container with cotton 
and store at 20*C.for about 48 hours; 
. shake 20°C water in a partially filled 
, container; bubble clean compressed 
through 20 "C water. IJse dirtilled 
(but not necessarily aerated) water for 
he preparation of all solutions. 



B Phosphate Buffer Solution - dissolve 
8. |5g 'potassium dihydrogen phosphate, 
KH2PO., 21. 75g dipotasium hydrogen 
phosphate, KgHPO^, 33; 4g disodium 
. hydrogen phosphate heptahydrate, 
Na HPO.'THgO, and 1.7g ammonium 
chtoride. NH^Cl, in about 500 ml of 
water and dilute to 1 liter. The pH of 
this solution is 7. 2. Discard it if any 
biological growth' appears in the bottle. 

C Magnesium Sulfate Solution - dissolve 
22. 5g magnesium sulfate heptahydrate, 
MgSO.* 7H O* in water and dilute to 
1 liter. ^ 



CH,0. bod. lab. 3a. 11. 77 



G Seeded Dilution Water - the standard 
seed material is the supernatant 
liquid from domestic wastewater which 
has been allowed to settle for 2^-36 hours 
at 20" C. Use an amount which will produce 
a seed correction of at le^st 0.6 mg/liter. 
Add the seed to the dilution water (II f) 
on the, day the dilution water is to be used. 

H Sodium Sulfite Solution, 0. 025N - dissolve 
1.575g anhydrous sodium sulfite, Na^SO^* - 
in water and dilute to 1 liter. Prepare this 
solution daily; it is unstable. 

I Acetic Acid Solution 50% • slowly pour 50 ml 



J Potassium Iodide Solution, 10% dissolve 
lOg potassium iodide, KI, in 90 ml water. 

K Sodium Hydroxide Solution, IN -dissolve 4g 
sodium hydroxide, NaOH. in water and dilute 
to-lOO ml. ^ ' 

L Sulfuric Acid Solution, IN - slowly pour 
2.8 ml of cone; sulfuric acid, H^SO.* 
into 98 ml of water. 
Caution; heat will be generated. 

M Powdered Starch Indicator - Thyodene is 
one brand name. 

N Bromthymol Blue Indicator^- or a pH meter. 
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Biochemical Oxygen Demand Test Dilution Technique 



in INTERFERENCES/ PRETREATMENT . 



Caustic AUcalinlty or Acidity - this 
must be neutralized to a of about 7 
with 1 sulfuric add or sodium hydroxide. 
Use a' pH meter or bromthymol blue as 
an external indicator. 

Residual Chlorine Compounds - some 
residual chlorine will dissipate if the 
sample is allowed to stand for 1 or 2 
hours. Higher residuals must* be 
determined, and then neutralized. To 
, a known volume o/ sample between 100 
and 1000 ml, add 10 ml of acetic acid 
solution, 10 ml of potassium Iodide solu- 
tion, mix, and titrate to the disappearance 
of blue color with 0. 025N sodium sulfite 
and using powdered starch indicator (or 
starch solution). Use a proportionate 
amiount of the 0.025N sodium sulfite to 
dechlorinate the entire sample. (The 
portion of sample used above to 
determine the chlorine content of the 
sample should be discarded, and is not 
to be used for the BOD determination. ) 
After 10-20 minutes* check a portion of 
the dechlox^nated sample to make sure 
the dechloxinatioo is complete. 

Other Toxic Substances - samples contain- 
ing other toxic substances; e. g. metals in 
plating wastes, require special study and 
treatment. 

r 

Super saturation - if you suspect that the 
sample contains more than 9 mg of 
o^^gen/ liter at 20 *C, shake it vigorously 
in a large bottle or flask, or pass c Van 
compressed air through the sample. 



IV SUGGESTED SAMPLE DILUTIONS 

Standard Methods (1) suggests the following 
sample dilutions. However, actual dilutions 
should be determined on the basis of expftrlence* 
or information supplied with the sample. 



Type of Waste 



%" Dilution 



Strong Trade 0. 1 - 1.0, 

Raw, & Settled Sewage 1-5 
Oxidized Effluents 5-25 
Polluted River Waters 25 - 100 



During the 5-day incubation period, at 
least 2 mg of os^gen/liter must be 
consumed, and at least 1 mg of oxygen/ 
liter must remain at the end of the 
incubation period. 



V PROCEDURE 

The steps below represent one of 
several ways in which the BOD can be set up. 
For example purposes* assume the dilution 
water does not have to be seeded. 

A Siphon 20*C nigh quality distilled 
water to the 1000 ml line in a 
graduated cylinder. Tilt the cylinder 
sli^tly and allow the water to run 
down the sides of- the cylinder. If the 
siphon was "primed", with other water* . 
i"waste" about lOO.ml before filling the 
cylinder. 

B Add 1 ml of the calcium solution and 
mix with a plunger-type mixer. ' 

C Add 1 ml of the magnesium solution and 
mix with a plunger-type mixer. 

D Add 1 ml of the ferric solution and mix 
with a plunger-type mixer. 

E Add 1 ml of the buffer solution and mix 
with a plunger-type 'mixer. (If the 
dilution water were to be seeded* It 
would be done at this point). 

F Siphon about 250 ml of the dilution water 
into a 1 liter graduated cylinder. If more 
than 750 ml of sample are to be used* less 
than 250 ml of dilution water would, of 
course, be siphoned in initially. Use the 
same technique as in A above. 

G Measure the amount of well mixed sample 
to be used. Use a graduated plpet for 
smaller sample volumes. If solids are 
present in the sample, the tip of the 
plpet may be cut off belQSit4he bottom 
graduation line. For larger sample 
volumes, use the appropriate size 
graduated cylinder. 
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Add the sample to the cylinder containing 
the 250 ml of water. Allow the sample 
to run down the sides of tlie cylinder. 

Siphon in additional dilution water to the 
1000 ml line, and mix with a plunger- 
type mixer, if other dilutions of the 
same sample, or other sznaples, are 
being set up, be sure to rinse the 
mixer between uses. 

Siphon the dilution water-saznpie mixture 
into two BOD bottles. Hold the end of the 
siphon close to the bottom of the bottle, 
open the siphon slowly * and keep the tip 
of the siphon just above the surface of 
the surface of the liquid as the bottle 
fills. Allow a small amount of the 
mixture to overQow the bottlei If the 
siphon was "primed", "waste" about 
100 ml before filling the bottles. 

Insert the stoppers Into the BOD 
bottles with a slight twisting motion. 
Do not use so much force that air 
bubble is created. 

Determine the initial DO (DOi) on one of 
the bottles within 15 minutes. Use the 
Winkler procedure, azlde modification, 
or a DO meter. 



mg five-day KOD/l = 7. 5 - 2. 5 

~Dn — 



Vn SEED CORRECTION 

A If you seed the dilution water, a 
correction must be applied to'the 
calculation in VI above. 

B Do this by setting up another five-day 
BOD exactly as described above, except. 
use seed material instead of sample. 



C In this case however, the five-day oxygen 
depletion must be 40-70%. (In the case of 
the sample it was a depletion of at least 
2 mg/1 with at least 1 mg/l remaining). 
Consequently, it may be necessary to set 
up several dilutions of the seed ih order to 
get one with a 40-70% depletion. 
' 7 ' 

P Example Seed Correction Calculation 

Two hundred fifty ml of seed material 
are diluted to 1000 ml with dilution water. 



250 X 100 =; 
1000 



25% seed material 



M Water-seal the second bottle and inqubate 
in the dark, at 20"C + I'C, for five days. 

N Determine the final DO (DOf) on the ' 
second bottle. Vnn the same method as 
in L above. (Recall the restrictions noted 
at the end of section IV). 



DO i = 7.0 mg/l 
DO f = 3.0 mg/l 

t)epletion =7.0 mg/l - 3.0 mg/l 
= 4. 0 mg/l 

% depletion = 4.0 mg/l x 100 
7. 0 mg/l 



VI EXAMPLE CALCULATIONS 



DO i =7.5 mg/l 
DO f = 2.5 mg/l 

100 ml s sample volume diluted in the 
1 liter graduated cylinder = 
10% dilution (0. 1 as a 
decimal fraction) 



mg five-day BOD/l = 



■ ^> - DOf 

% sample dilution 

expressed as a 

decimal 



Since the 25% seed dilution gave an oxygen 
depletion in the desired 40-70% range (56%),' 
it can be used to calculate the seed correction. 

Example Seed Correction Calculation 
(Continued) 

Assume' that in preparing the dilution water 
(V A through V E), you added 2 ml of seed 
material to the graduated cylinder before 
adding dilution water ^ the 1000 ml line. 
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2 

1000 



1(00 = 0.2% seed material in the 
dilution water 



F Example Seed Correction Calculation 
(Continued) 

In the example calculation In VI, a 10% 
sample dilution was assumed. 

If the BOD bottles contained ^0% sample, 
they therefore contained aO% dilution 
water. 

3 00 ml (volume of BOD bottles) 
0*90 (% dUution water in the BOD 

bottles expressed as a decimal) 

270.00 ml (volume of dilution water in the 
^ . BOD bottles) 

C Example Seed Correction Calculation 
(Continued) 

• 270 ml (volume of dilution water in the 

, BOD botUes) 
0. 002 (% seed material in the dilution 
water expressed as a decixr. .1) 
0. 540 ml (volume of seed material in the 
BOD botUes) 

H Example Seed Correction Calculation 
(Continued) 



0.54 
3 00 



100 ■ 0. 16% seed material In the 
BOD bottles 



[ You now have all the data you need to 
calculate the seed correction. 

mg five-day BOD/l = 

(DOi - DOf) of sample- 
[(DOl -'DOf) of seed material x 

factor] 

% of sample expressed ■ 
as a decimal 

DOi of sample = 7. 5 mg/1 (from VI ab'bve) 

DOf of sample = 2. 5 mg/l (from VI above) 

DOi of seed material =7.0 mg/1 (from VII ] 

above) . 

DOf of seed material = 3. 0 mg/1 (from VII ] 

above) 

21-4 ^ 



% of seed in the sample BOD bottles = 
0. 18 (from VU H above) 

% of seed in the seed BOD botUes = 0. 25 
(from VII D aboveJ 

% of sample expressed as a decimal 
fraction's 0. 1 (from VI above) 

factor = % of seed In the sample BOD bottles 
%of seed in the seed BOD bottles 

= 0.18 
. 0.25 

= 0.72 

Finally, 

mg five-day BOD/l = (7. 5 - 2. 5)4(7. 0-3. 0)x 0. 72 J 

= 5.0 -[4.0 X 0.721 
0.1 

= 5.0-2.9 



0.1 



21 



Vm Dilution Water Check 

A five-day BOD on unseeded dilution water 
must not be greater than 0. 2 mg/x (and 
preferably not more than 0. 1 mg/lJ if It Is 
greater than 0. 2 mg/1. check f Jr contamination 
in the distilled water and, or, dirty BOD bottles. 
Do not use the value as a correction on the BOD. 



REFERENCES 

1 Standard Methods for the/Examination of 
Wastewater, 14th ed,/. APHA, AWWA, 
WPCF, New York, ^g 543, 1975. 

ThU outline waspreparedby Charles R. Feldman'n, 
Cheniist. National Training and Operational 
Technology Center. MOTD, OWPO, USEPA, 
Cincinnati, Ohio 45^68 j 

Descriptors: Analytlcal^Technlques,. 
Biochemical Oxygen Demand, Chemical 
Analysis. Laboratory Tests, Water Analysis 
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DETERMINATION OF KJELDAHL NITROGEN 
(MICRO APPARATUS-NESSLERI^ATION) 



I REAGENTS 

A OistUled Water . 

This should be amznonia-free. Pass 
distilled water through an ion exchange 
column with strongly acidic cation resin 
mixed with a strongly basic anion resin, 

, B Sulfuric Acid (20%) 

20 ml acid/ 100 ml distilled water 

C Mercuric Sulfate Solution 

Dissolve 8g mercuric oxide in. 50 ml of 
20% sulfuric acid. Dilute to 100 ml with 
distilled water, 

D Digestion Reagent 

Dissolve 134g potassium sulfate in about 
650 ml distilled water. Add 200 ml 
concentrated sulfuric acid. Add 25 ml of 
mercuric sulfate solution (C above) and 
dUute to 1 litef. 

E Sodium Hydroxide - Sodium Thiosulfate 
Solution 

Dissolve 500g sodium hydroxide and 25g 
sodium thiosulfate ^eniahydrate in distilled 
. water and' dilute to^ liter, 

F Boric Acid Solution. 2% 

G Ammonium Chloride Stock Solution 

Dissolve 3.819g NH CI in distilled water 
and dilute to 1 liter, 1.0 ml * 1.0 mg 
NH3.N. 



H Ammonium Chloride Standi^ * Solution 

Dilute 10,0 ml of the stock solution with 
distilled water to 1 liter. 
1,0 ml = 0,01 mg NH3-N 

I Sodium Hydroxide Solution 

Dissolve 160 g sodium, hydroxide in 500 ml 
distiUed water, 

J Nessler Reagent 

Dissolve lO.Og mercuric iodide and 70g 
potassium iodide in a small volume of 
water. Add this mixture slowly to the 
sodium hydroxide solution (J above), then 
dUute to 1 liter. 



II EQUIPMENT PREPARATION 

A This procedure should- be used if the 
apparatus -has beeji out of service for 4 
hours or more'. * 

1 Add about 50 ml of a 1:1 mixture of 
• ammonia-free distilled water and 

sodium hydroxide -sodium thios.ulfate ;1 
solution to each of the micro Kjeldahl 
flasks to be used. 

2 Add glass beads t'. each flask*. 

■ 3 Attach a flask to the sleam distillation 
apparatus and distill about half the 
mixture, 

4 Add 1 ml of the Nessler reagent to the . 
distillate to check for ammonia. 

a If the distillate is colorless, the 
equipment is ammonia-free and the 
procedure can be repeated with the 
next flask to be'used, 

b If the distillate is yellow, discard it. 
distill another half of the mixture and 
check this distUlate with 1 nil Nessler 
reagent. Repeat the process until the 
distillate ia colorless. 
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DeterminatioD of KjeldafiT Nitrogen 



-m DIGESTION OF SAMPLE 

. A Preparation of Digestion Mixture 

1 Shake the sample. 

2 Measure 50. 0 ml sample into a 100 ml 
Kjeldahl fla9k. 

3 Add 10 glass beads. 

4 Add 10 ml^the digefeion reagent. 
B 'Digestion * ' 

1 Place the flask in a properly ventilated 
Kjeldahl digestion ^paratas. 

2 Turn on the heat source. 

3 Evaporate the mixtu^ until sulfur 
trlpxide (SO3) fumep are given off., 
(SO3 fumes are white*. Also* the solution 
— ' 1 be pale yellow. ) 

4 Continue heating for an additional 30 
'nutes. 

urn off the hea^ source* 
, (pool the residue in the flask. 



IV STfcAM DISTILLATION ' * 

A Preparation of the Digestion Residue 

.-1 'Add 30 ml of ammonia-free distilled 
water to the digested residue in the 
" KJeldatil flask, 

I 2 'Connect the flask to the ground glass 
joint of the micro steam distillation 
apparatus. 

3 Measure 35 ml of water in a graduate, 
pour It into a 50 ml Nessler tube and 
mark the tube at the 3S ml meniscus. 
Stopty the tubcv. 

4 Add 5 ml of 2% lorlc acid to the 50 ml 
Nessler tube. 

5 Position the Nessler tube so that the 
tip of the condesnser is below the 
level of tiie boric acid solution in 
the tube. 



6 Carefully add 10 ml of the sodium hydroxide- 
sodiuni thipaulfate solution from the 
dropping funneL , ^ 

^ Distillation 

1 Turn on the heat source. 

2 Distill at a rate of ff-10 ml/ minute up 
to the 35 ml mark 00 the Nessler tube. 

3 Remove the receiving flask. 

4 Put a-small beaker un^er the, -Condenser 
tip to receive any additional distillate. 

5 Turn off th? heat source if there are no' 
more digevtion residues to distill. 



V COLORIMETRY FOR AMMONIA- 
NESSLERIZATION 

If the ammonia content is foun^ to be greater 
than 1 mff/Uter. a titration procedure should 
be used^^ rather than Nesslerization. 

A * Preparation of Standards and Sample 

1 Label eight 50. 6 ml lie'ssler tubes with 0 
the following: 0. 0.5. L 2, 4. 5. 8, acd 
10. - 

2 Pipet the following volumes of "ammonium 
chlori(fe standard solution into the' corre- 
spondingly labeled tubes: 0. & ml. 1. 0 ml. 
2.0 ml. 4.0 ml. 5.0 ml. 8. 0 ml. and 
10.0 ml. ^ • ' 

3 Mark "S" on the Nessler tube 

- . containing 35 ml of distillate. _^ 



4 Pour ammonia-free distilled water into.. - 
the tube labeled "0". bringing the volume 

, to the 50.0 ml line*. 

5 Add ammoniA-free distilled wat^r to each/ 
of the remaining 7 tubes, bringing the 
volume of each to the 50. 0 ml line. 
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6 Add 1, 0 ml of Nessler Reagent to each 
A of the 9 tubes. 

7 Mix the solution in the "0" tube using a 
cap or a rubber stopper on the top, then 
inverting the tube three times. 

8 Remove, rinse, and dry the cap or 

>■ stopper. - . 

9 Repeat steps 7 iand tf" to mix the contents 
of the other 8 tubes. 

*• * 

10 After mixfeg/ let the tubes stand in a 

rack for 20 minutes before getting ' 
absorbance, readings. 

B Spectrophotometric Readings* 

1 Turn tile instrument on. 

2 Set the wavelength at 425 nm. 

3 After the 20 minute time span, use the. - 
contents of the "0" tube to aidjust to zero ' 
absorbance on the spectrophotometer. 

4 Using the; contents of the tube labeled 

. 0.5, rinse, then fill an instrument cell. 

5. Place the cell In the holder and record 
the absorbance value from the instrument. 

6 Discard the contents^ from the cell*. 

7 Use ammonia-free distilled water to 
rinse the cell three times. 

8 Repeat steps 4 through 7 to obtain 
absorbance values for the rest of the 
standards and for the sample. 

9 Turn off the instrument. ~ 



VI CALIBRATION CURVE 

A Constructing the Curve 

1 Calculate the concentration of each 
c standard by multiplying the ml of 

working standard used times 0.01 mg/ml. 
which is the concentration of the 
standard solution. This was diluted to 



50.0'ipl in the Nessler tube, so th^ 
result is mg NH3-N/5O.O ml. For 
example, if 0. 5 ml of standaijd was used, 
the c centration is . 

■n^-SlJi^a-N/SO.O ml. 



(0.'5)i0.0l) = O.OOSm^] 



2 Plot the absorbance values for the 
standards against these calculated 
concentrations. 

3 Draw^ the best straight line from zero 
thr9ugh all the points. 



B Using the Curvet 



, 1 To find the NH3-N concentration ixi the 
samj^le, locate its absorbance Va|ue on 
the curve. ' . 

2 Find th& cor responding mg NH 3 -N/ 50.0 Pjl 
by dropifi^^ a . vertical line to the' 
concentration axis. . * , ' 

. 3 Reconf'this result. 

f " 

' VII FINAL CALCULATIONS. 

A Use this formula to calculate Tptal Kjeldahl .' 
Nitrogen: 

TKN, mg/l= AX^OOO B ' . 

* ml sample C 

Where: . ■ 

. . 

'A = mg NHo-W/50. 0 ml from curve 
B = ml total distillate including boric acid 
C = . ml distillate taken for Nesslerizatiori 
ml sample = ml of original sample taken 

B An example calcufation using the value from 
the calibration curve would be: " ■ 

TKN,'mg/l = Ay 1000 JB 
ml sample^ c 

If: ' • 

A = 0.045 . ' 

B = 35 ml (30 ml distillate + 5 ml boric acid) 

C = 35 ml 

ml sample = 50 ml - . ^ 
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• Then: 



TKN, mg/1 



20 

0.045X ittt 

— w— 

1 



1 

*1 



••■ ^ '• 

This outline was prepared- by Audrey D. Kroner, 
Chemist, National Training and Operational 
Technology Center, MOTD, OWPO, USEPA, . 
Cincinnati, Olio. 45268. 



^ 0.045X20X 1 
= 0.045X20 
= 0.90 
0. 90 mg/1 



. REFERENCE 

.1 Methods ft>r Chemical Analysis of 
Water &. Wastes, U.S. Environmental 
Protection Agency; Environmental 
Monitoring & Support Laboratory, 
Cincinnati, Ohio, 45268, 1974 



Descriptors: Ammonia, Analytical Techniques, 
Chemical Analysis, LAboratory Tests, Nitrogen 
Nitrogen Compounds, Nutrients, Water Analysis 
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LABORATORY FOR CHEMICAL OXYGEN DEMAND DETERMINATION 



I REAGENTS AND EQUIPMENT 
.A Potassium Dichj^omtfte Solution - 0. 25N 

. ,B Ferrous ammonium sulfate solution 
approximately 0. 1 N 

C Sulfuric Acid - Concentrated 

D Mercuric Sulfate - Analytical Reagent 

E Silver Sulfate - Analytical Reagent 

F o-Phenanthroline Ferrous Indicator 
(Ferroin) . 

G Flasks. Erlenmeyer, 250 or 500 ml» 
24/40 r Joint 

H Condenser, Friedrichs Reflux 24/40 
I* Joint 

I Burette. 25 ml 

J Glass Beads or Porcelain Chips 

II PROCEDURE 

A Measure 20 ml of sample or aliquot diluted 
to 20 ml with distilled water* and place 
in the Erlenmeyer flask then add: 

1 0. 4 gram mercuric sulfate 



2 2 ml concentrated H SO contain no 
AggSO^; swirl to dissolve the HgSO^ 

3 10 ml 0. 25 N KgCr^O^ 

4 28 ml poncentrated HgSO^ (cautiously) 



5 0.3 gram Ag2S04. If 22 grams of 
AgoSO^ are dissolved in a 9 lb bottle of 
^2^4 (1^0 2 days required for 
dissolution), separate addition of 
Ag2S04 is not necessary. 

6 Several glass beads or porcelain chips 



B Mix well by swirling flask before applying 
external heat. 

C Connect flask to condenser and reflux for 
two hours. 

D Wash down the condenser with distilled 
water and cool to room temperature. 

E Add 3-5 drops of o-phenant|iroline ferrous 
indicator and titrate to a red en(4)0int 
with standardized ferrous ammonium- 
sulfate solution. 

F Carry a blank, consisting of 20 ml of 
distilled water, throu^ the same 
procedure. 

G Standardization of ferrous ammonium 
sulfate solution 

1 Pipette 10 ml of 0. 25'N K^CrgOy intp 
a 500 ml Erlenmeyer flask. 

2 Add 100 ml of distilled water. 

3 Add 20 ml cone. H2SO4 

4 Add 3- 5 drops of 0-phenanthroline 
ferrous indicator and titrate to a red_ 
end-point. 



10 X 0 25 

Normality of Ferrous soln." — 7-5 ' i" 

ml ferrous soln. 
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Laboratory for Chemical Oxygen Demand Determination 



. m CALCULATION OF COD 



a -bX normality of ferrous soln. 

X 8000 

COD mg/1. ^ ^^^^^^ 



a ■ ml ferrous ammonium sulfate used for 
blank 

b " ml ferrous ammonium sulfate used for 
sample 

IV SPECIAL DIRECTIONS FOR LOW-LEVEL 
COD 

A Use 0.025 N potassium dichromate 

solution and 0. 025 N ferrous ammonium 
sulfate solution instead of the 0. 25 N 
reagents. The procedure and calculation 
are unchanged excepting N. 

B The ferrous ammonium sulfate 

is not stable and must be standardized 
just before use. 



1 Add 10 ml 0. 25 N K2Cr20^ and SO ml 
distilled water to the flask. 

2 Carefully add 30 ml cone, sulfuric acid 
and mix thoroughly. 

3 Connect the flask to the condenser but 
do Slot turn on the water supply . 

4 Apply heat to the flask until the acid 
mixture boils and steam emerges from 
the condenser. 

5 Remove heat, cool, and discard the 
acid mixture. 



REFERENCES 

^ Methods for Chemical Analysis of Water " 
& Wastes, U. S. E^nvironmental Protection 
Agency, Environmental Monitoring & 
Suppo rt • Labo r a to ry . 

2 Standard Methods. 14th ed. 
Method 508, pg 550, 1075. 



C Keep the reflux apparatus assemblcH 
when not in use. 

D The outlet tube of the ccmdenser should 
always be lightly plugged with glass 
wool, both during storage and when in 
use. 

E Before disconnecting the flask, wipe the 
condenser and the flask neck with a damp 
cloth to remove dust particles. 

F Periodically, the glass apparatus should 
be steamed out to remove trace organic 
contamination, using the following 
procedure: 



3 Van Hall,. C.E., Safranko, J., and 

Stenger, V. A., AnaL Chem. 25: 315 
1963. 

4 Schaffer, R. B. , Von Hall, C. E. , McDer- 

G. N. , Sebesta^ S.J. and 
Griggs, S. H. Applications of the 
\. Carbon Analyzer, Lab. and Field 
Tests. Presented 37th Annual Conf. 
WPCF, Ball Harbor, Fla- 1064. 

' "thitf outline was prepared by R. J. Lishka, 
Research Chemist, Water Supply Programs 
Division, Office of Water Programs, EPA, 
Cincinnati, OH 45268 and modified by Charles 
Feldmann, Chemist. National Training Center, 
Office of Water Programs, . EPA, Cincinnati, 
OH 45268. 
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LABORATORY DETERMINATION OF SURFACTANTS 
(Methylene Blue Active Substances, MBAS) 



I REAGENTS 

A Stock Linear Alkylate Sulfonate (LAS) 

Weigh an'amount of LAS (obtainable from 
the USEPA. Environmental Monitoring 
and Support Laboratory, Cincinnati, Ohio) 
that wlU give a concentration of 1. 00 mg 
LAS .per 1.00 mt when dissolved in 
distUled water and dilated to 1 liter. 
Store the solution in a refrigerator. 
Prepare fresh weekly. 

B Standard Linear Alkylate Sulfonate (LAS) 

Dilute 10. 0 ml of the stock LAS solution 

to 1 ilteri 1.00 ml = 10. O^g LAS. Prepare 

fresh daily ^ 

. C Phenolphthaleih Indicator 

D Sodium Hydroxide, 1 N 

Dissolve 40. 0 g of NaOH In wa'ter and dUute 
to 1 liter. 

E Sulfuric Acid, 1 N 

Slowly add 28. 0 ml of concentrated H2SO4 
to crater apd dUute to 1 Uter. 

F Chloroform, CHCI3 

G Methylene Blue 

DlBScrive 100 mg of ngiethylene blue in 
. 100 ml of distilled water. Transfer 30 ml 
of the BOltrtlon to a 1 liter volumetric flask. 
Add 500 ml distilled water, 6.8 ml concen- 
trated HgSO^, and 50 g NaHoPO.'HgO. 
Shake the flask to dissolve the solid. 
Dilute to the 1 liter mark. 

H Wash Solution 

Add 6. 8 ml concentrated H2SO4 to 500 ml 
of distilled water in a 1 liter volumetric 
flask. Add 50 g NaH2P04* HjO and shake 
until the solid dissolves. Dilute to the 
1 liter, mark. « 



U PROCEDURE 

A Plpet the following volumes of the standard 
LAS into 200 ml separatory funnels (with 
Teflon stopcocks): 0.0, 1.0, 3.0, 5.0, 
7.0, 9.0, 11.0, 13.0, 15.0 and 20.0. Add 
sufficient water (graduated cylinder) to bring 
the volume in each flask to 100 ml. 

B Add 100 ml of sample (graduated cylinder) ' 
to another separatory funnel. 

C Add 3 drops of phienolphthalein indicator to 
the sample and mix. . ' 

D Add 1 N NaOH dropwlse to the sample until 
a permanent pink color Is present. 

E Discharge the pinic color with 1 N H2SO4. 

F Add 10 ml CHCI3 and 25 ml of the methylene 
blue reagent (graduated cylinders) to the 
separatory funnels containing the sample 
and standards. 

G Rock the funnels gently for a few seconds ■ 
and relieve the pressure in the funnels. 

H Rock the funnels vigorously for 30 seconds. 

I Allow tho layers to separate. The upper 
aqueous layer is dark blue in color whUe 
the lower CHCI3 layer Is light blue in color. 

J Remove the funnel stoppers and drain the 
lower CHClg layer into 125 ml Erlenmeyer 
flasks. 

K Add 10 ml CHC:i3 to each of the fiinnels 
(sample and standards). 

L Repeat steps G. H, I and J, using the same 
125 ml Erlenmeyer flasks as in step J. 

M Repeat the extraction process 2 more times 
(4 total) with 10 ml portions of CHCI3. 
Note that in the case of the sample funnel, 
if the blue color disappears from the water 
layer during any of the 4 extractions, a 
smaller sample size must be used. 
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N Discard the water layers left in t^e sample 
and standards funnels. 

O JUnse all of the separatory funnels vigor- 
ously with tap water* and then rinse with 
distilled water. 

P Pour the CHCI3 from the Erlenmeyer flasks 
back into the separatory funnels. 

Q Add 50 ml of wash solution to the sample 
and standards funnels. 

R Repeat steps G and H. 

S Allow the layers to separate. 

T Place a small piece of glass wool in a 
small filtering funnel* 

U Place the Altering ftunel in a 100 ml 
volumetric flask. 

V Drain the lower CHCI3 layer from the 
separatory funnel* through the glass wool 
in the filtering funnel, and into the 100 ml 
volumetric flask* 

W Add 10 ml CHCl to the separatory funnel 
containing the wuhyolution* 

X Repeat steps G and H. 

Y Allow the layers to separate* 
Z Repeat step V. 

AA Repeat the extraction with a second 10 ml 
portion of CHCI3 and drain it into the 
100 ml volumetric flask* 

BB Rinse the filtering funnel and glass wool 
with a small amount of CHCI3 * Collect the 
rinsings in the 100 ml volumetric flhsk* 

CC Bring the CHCI3 in the volumetric flaslc to 
the 100 ml mark with CHCI3 . 

DD Using a CHCU blank and 1 cm cell, read'the 
absorbance or the sample and standards at 
652 nm in a Spectronic 20 spectrophotometer. 



m CALCULATIONS 

A Prepare a calibration graph for the standards 
of LAS concentration vs. absorbancy. 

Example: 

1 Concentration of standard LAS = 
lO.O^g LAS per 1.0 ml 

^ ^^!^OnA^ ^ 5. 0 ml of otandard = 50. 0 *ig LAS 

3 The 50. 0 ^g ngtay be used as a "mass" 
value on the X axis of the graph* or 

4 The 50. 0 ^g is in a 100 ml volumetric 
flask. 

50.0 ^g . 500. 0 ^g _ 0.5 mg 
100 ml " 1000 ml ^ liter 

The 0. 5 mg per liter may be used as a 
"concent ^tion" value on the X axis of 
the graph. 



REFERENCE 

Standard Methods for the Examination of Water 
and Wastewater, 13th ed.* page 339* 
Method 159 A* American Public Health 
Association* American Water Works 
Association* Water. Pollution Control 
Federation* Waahlhgton* D. C* 1971. 
■ ■ , \ 

Standard Methods, 14th ed. Method 523A; 

Pg 600, 1975. 



ThiB outline was prepared by C. R. Feldmann, 
''Chemist, National Training and Operational 
Technology Center, MOTD, OWPO. USEPA, 
Cincinnati, Ohio 45268. _\2^ , . , 

\ 



Descriptors; Chemical Analysis, Surfactants, 
Laboratory Tests. Linear AUylate'* Sulfonates. 
Water Analysis 
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LABORATORY DETERMINATION OF OIL AND GREASE 



I REAGENTS 

A Freon TF (E. I. DuPont de Nemours) or 
Genosolv D (AUled Chemical Co. ); the 
symbol TF/D will be used throughout this 
procedure to mean this particular solvent. 

B Hydrochloric or Sulfuric Acid 

Fifty percent by volume. 

C Sodium Sulfate 

II PROCEDURE I 

A Weigh a 125 ml distilling flask on an 
analytical balance. Handle the flask 
throughout the entire procedure with a 
tissue or crucible tonga. Set the flask 
aside until It Is needed. 

B Shake the sample container. 

C Measure 1 liter of sample in a graduated 
cylinder. 

D Measure 5 ml of 50% by volume HCl or 
H2SO4 in a small graduated cylinder. 

E Add It to the 1 liter graduated cylinder. 

F Empty the 1 liter cylinder into a 1 liter 
separatory funnel (Teflon stopcock). 

G Stopper the funnel and shake gently so as 
*to mix the acid and sample, 

H Check the pH of the sample with pH 
' sensitive paper. If It Is not 2 or less* 
add a few more drops of acid* mix* and 
recheck the pH. 

I Rinse the 1 liter cylinder with 30 ml of 
TF/D (measured in a small graduated 
cylinder). 

J Add It to the separatory funnel. The TF/D 
, will form a separate layer beneath the 
water. 



K Replace the funnel stopper* invert the ^ 
funnel* and open the stopcock to relieve 
. the pressure. 

L Close the stopcock and shake the funnel 
gently for a few seconds. 

, M Open the stopcock to relieve the pressure. 

N Repeat steps L and M. 

O Close the stopcock and shake the funnel 
more vigorously fui' 2 minutes. Thorough 
mixing without excessive foaming Is the 
objective. 

P Repeat step M. 

Q Place the funnel back in the ring stand and 
remove the stopper. 

R Allow the water and TF/D layers to separate. 

S Drain the lower TF/D layer into the 
previously weighed 125 ml distilling 
flask. About 1 drop of the TF/D should 
remain in the separatory funnel. If the 
TF/D layer is not clear, filter It into the 
flask through a small funnel containing 
filter paper and about 1 g (estimate) of ' 
anhydrous Na2S04. 

T Measure 30 ml of TF/D in a small graduated 
cylinder. 

U Add It to the separatory funnel. 

V Repeat the two gentle shakings, pressure 
reUef, 2 minute vigorous shaking, and layer 
separation as above^ 

W Repeat step SI. using the same distilling 
flask. The flask now contains about 60 ml 
of TF/D. 

X Repeat steps T* U* V* and W. The flask 
now contains about 90 ml of TF/D. If the 
small funnel and Na2S04 were used, wash 
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them with a few ml of TF/D. Collect the 
. washings in the distilling flask. 

Y Evaporate the TF/D at TO" C on a water 
bath. (Heat the lower third of the flask 
only. ) 

Z Raise the temperature of the bath<lo SO'C 
for 15 minutes. 



REFERENCE 



Methods for Chemical Analysis of Water & 
Wastes, U. S. Environmental Protection 
Agency. Environmental Monitoring & 
Support'Laboratory. Cincinnati, Ohio 
45268. 1974. 



AA Agply suction to the warm flask for 1 * 
minute. 

BB Wipe the outside of the flask thoroughly 
with tissues and cool It in a desiccator for 
about 20 minutes. « 



CC Weigh the flask on the same balance as 
before. 



Ill CALCULATIONS 
mg of oil and grease/1 = 

Kwt. of flask + oil and grease) - (wt. of flae* *J ♦ 
X 1000 X 1000/ml of sample 



This outline was prepared by C. R. Fcldmann. 
National Training and Operational Technology 
Center.- MOTD, OWPO, USEPA. Cincinnati. 
C»ilo 45268. 

Descriptors: Chemical Analysis, Laboratory 
Tests. Oil. Oil Pollution, Water Analysis 



* All weights In grams 
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LABORATORY DETERMINATION OF PHENOL 
DIRECT PHOTOMETRIC METHOD 



I REAGENTS 

A Methyl Orange Indicator " 

Dissolve 0. 5 g of the indicator in 1 liter 
of distilled water. 

B Phosphoric Acid Solution . 

Dilute 10 ml of 85% H3PO4 to 100 ml with ' 
distilled water. 

C Copper Sulfate Solution 

Dissolve 100 g of CUSO4 • 5H2O in disUUed 
water and dilute to 1 liter. 

D Stock Phenol Solution 

Dissolve l.'OO g of reagent grad^ pheiioi 
. in freshly boiled and cooled distilled water 
and dilute to 1 liter. Ordinarily* this direct 
weighing of phenol constitutes a standard - 
solution. However^ if extreme accuracy 
is needed, the solution must be standardized 
(see paragraph 222 C. 4a. page 505 of the 
cited reference). 

E Intermediate' Phenol Solution 

Otluti» 10. 0 ml of the stock phenol solution 
w 1 Uter with freshly boiled and cooled 
d\«tlli«<i water; 

1 m2 10. 0 ^ g phenol 

P 'iiT.a^.onium Chloride Solution 

Dissolve 50 g of NH4CI in distiUed water 
and dilute to 1 liter.' 

G Aminoantipyrine Solution 

Dissolve 2.0 g of 4 -aminoantipyrine in 
distilled water and dilute to 100 ml. 
Prepare this. solution on the day of use. 



H Potassium Ferricyanide Solution 

Dissolve 8. 0 g of K3Fe(CN)fi i;i fJistilled 
water and dilute to 100 ml. Pffepare this 
solution fresh weekly. 

I Concentrated Ammonium Hydroxide 



II PROCEDURE 

A Measure 500 ml of sample (graduated cylinde 
and pour it into a large beaker. 

B Add 3 drops of methyl orange indicator to 
the sample and mix. If the resulting color, 
is yellow/ orange.* the solution is alkaline. 
If it is pink/red. the solution is acidic. " 

C Add a drop pf H3PO4 solutipn (eyedropper) 
to the sample and mix. A pink/ red color 
should be presoit (pH^apprpximately 4). 
. If it is not« add d Second drop of H3PO4 and 
mix. t 

D Pipet 5. 0 ml of CUSO4 solution into the sampl 
arid mix. r *» 

• E Remove the small rubber stopper from the 
distilling apparatus* insert a small funnel 
in the hole, and pour the sample through the 
funnel into the distilling flask. Glass beads 
are already in the flask. , ' * 

F Distill 450 ml of sample into a 1 liter 
Erlenmeyer flask. 

G While the sample is distilling. (ckeck it every 
5-l'o miiilites). pipet the following amounts of 
intermediate phenol^ solution into 100 ml 
volumetric flasks and dilute to the mark 
with distilled water: 0.0. 0.5. 2.0. 5.0. 
10. 0. 20. 0. and 35. 0 ml. Use these ml 
values as markings on the volumetric flasks. 



U4 
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H Remove the source of heat from tihder the 
distilling flask. 

I When boiling ceases* add 50 ml of phenol 
free distilled water (graduated cylinder) to 
the distilling Hask. 



13th Standard Methods (par. 22 2B, pg 502, 
& par. 222D pg 507) Is cited the EPA 
Methods manual. 



K Pipet 25. 0 ml of the distillate into a 100 ml 
volumetric flask and dilute to the mark with 
distilled water. Mark the flask 25. 

L Fill a 100 ml volumetric flask to the mark 
with the distillate. Mark the flask 100. 

M Put the same numbers on nine 125 ml 
Erlenmeyer flasks as were used on the 
nine ^volumetric flasks. 

N Pipet 2.0 ml of ammonium chloride solution 
into each of the nine Erlenmeyer flasks. 

O PoUr the con^nts of each volumetric flask . 
into the correspondingly t^arked Erlenmeyer 
flask. Mix by swirling the flasks. 

P Calibrate a pH meter .using pH 9 buffer. 

Q Using an eyedropper, add concentrated 
ammonium hydrokide to each Erlenmeyer 
flask until a pH of 10. 0 ± 0. 2 Is obtained. 
Be car«ful to rinqe the electrode thoroughly 
after each use. 



U After 15 minutes measure the absorbance 
of all nine of the solutions at 510 nm. 
"Zero" the instrument against the solution 
in.the "0" flask. I.e., the reagent blank. 



in CALCULATIONS 

A Prepare a calibration graph with absorbancles 
along the vertical axis and mg of phenol along 
the horizontal axis. For. example* 

Concentration of intermediate phenol 
solution s, lO.Opg/ml. If 35.0 ml of this 
solution Is used, then 0. 350 mg< (350. 0 ^ g) 
Is the value on the horlzontal axls. 

B Determine the mg of phenol present in the 
distillate (sample^) and "scale It up" to a per 
liter basis; For example: 

o If there were 0. 10 mg in 100 ml of distillate, 
then the final ^TFswer is 1. 0 mg of phenol/liter. 

Note: The nam5 of the parameter as listed in 
Table I of the Federal Register, Tuesday, 
October 16, 1973* vol. 36. number 199 Is 
Phenols (Item 55). However, positive results 
.are also given by certain s\ib6tituted phenols. 



REFERENCE 

Methods lor Chemical Analysis of Water & 
Wastes, U.S. Environmental Protection 
Agency. Environmental Monitoring & 
Support Laboratory 



R Turn on the Spectronic 20 (warm up). 

S Pipet 2. 0 ml of 4-aminoantipyrine into all 
of the Erlenmeyer flfisks. Mix well I 
swirling. 




^T^.Elp«t-*:trml of potassium ferricyanlde into 
all of the Erlenmeyer flasks. Mix well by 
swirling. 



This outUjjcjwa^-prepared C.^R. Feldmann, 
"]hoi]5lit7 National Training and Operational 
I'echnology Center. MOTD, OWPO. USEPA, 
Cincinnati. Ohio 45266. 

Descriptors: Chemlce^ Analysis. Laboratory 
Tests. Water Analysis, Phenols 
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METHOD FOR POLYCHIjORINATED BIPHENYLS 
(PCB'S) IN INDUSTRIAL EFFLUENTS 



I SCOPE AND APPU CATION • 

A This method covers the determination 
of certain polychlorinated biphenyl 
- (PCB) mixtures including; Aroclors 
1221, 1232, 1242, 1248^ 1254. 1260 
and 1016, , \ 

■ ■ I ■ 

,B The method is an extension of the 
method for organochlorine pesticides 
In industrial effluents, *^' It is 
designed so that determination of 
both the PCB's and the organochlorine 
pesticides may be made on the same 
sample , 

C The limit of detection is approximately 
1 ^g/1 for edch An^clor mixture. 



.II S'JMMARY • - 

A 'The PCB's and the organochlorine 
pesticides are co- extracted by 
liquid-liquid extraction and, insofar 
as possible, the two classes of com- 
pounds separated from one another 
prior to gas chromatographic deter- 
mination, A combination of the 
standard' Florisil column cleanup 
procedture and a silica gel micro- 
column separation procedure are 
employed, (2, 3) identification is 
made from gas chromatogtaphlc 
patterns obtaiued-thrdu^ithe use of 
nore unlike columns. De-' 
tection and measurement is accom- 
plished using an electron capture, 
mic roc oulome trie, or electrolytic 
conductivity detector. Techniques 
for confirming qualitative identi- 
fication are suggested. 



m INTERFERENCES 

i 

A Solvents, reagents, glassware, and 
other sample processing hardware 
may yield discrete artifacts and/or 
elevated baselines causing misinter- 
pretation of gas chromato grams. 



All of these materials must be 
demonstrated to be free from inter- 
ferences under the conditions of the ' 
analysis. Specific selection of reagents 
and purification of solvents by distil- 
lation in all-glaSs systems may be 
required. Refer "to Part I, 
Section 1.4 and 1.5. . . _ 

The Interferences in | Industrial effluents . 
are high and varied and pose great 
difficulty in obtaining accurate and 
precise measturement of PCB's and 
organochlorine pesticides. Separation 
and cleanup procedtures are .generally . 
required to eliminate these inter- 
ferences; however, such techniques may' 
result in the loss of certain organo- 
chlorine compounds. For this reason 
great carie should be exercised in the 
selection and use of methods for 
eliminating or minimizing Interferences. 
It is not posslble^to describe pro- 
cedures for overcoming all df the inter- . 
ferences that may be encountered, in 
Industrial wastes, 

Phthalate esters, certain organophos- > 
phorus pesticides, and elemental sul- 
fur will interfere when using electr^nr 

capture for detectton,'- — The8e~^ate rials 
do^ngt-intcrfefe^hen the microcoulo- 
metric or electrolytic conductivity 
detectors are used in the halogen mode. 

Organochlort/ie pesticides and other 
halogenated compounds constitute inter- 
ferences in the determination of PCB's. 
Most of these are separated by the 
method described below. However, 
certain compounds. If present in the 
sample, will occur with the PCB's. 
Included are: Sulfur, Heptachlor, aldrln, 
DDE, technical chlordane, mlrex,>and 
to some extent o,p'-DDT and p,p'-DDT. 



IV APPARATUS AND MATERIALS 

A Gac Chromatograph - Equipped with 
glass lined Injection port. 



CH. pes; lab. 18.9. 74 
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B Detector Options: 

1 Electron Capture - Radioactive 
(tritium or nlckel-63) 

2 Microcoulometrlc Titration 

-3 Electrolytic Conductivity 

C Recorder - Potentlometrlc strip 
chart (10 in.) compatible with 
detector system. 

Gas Chromatographic Column 
Materials: 

Tubing - Pyrex (180 cm long x 
4 mm ID) 

ss Wool - Sllanlzed 

\ 

3 Sollcl. Support - Gas-Chrom Q 
(100-120 mesh) 

' 4 Liquid Phases - Expressed as 
weight percent coated on solid 
support: 

a SE-30^or^Oy-l^^^?t__^ ' 

— \y — OV-17, 1.5% + QFtI. 1.95% 

E Kudema- Danish (K-D) Glassware 
(KoMes) 

1 Snyder Columns - three ball 
(macro) 

2 Evaporate Flask - 500 ml 

3 Receiver Ampuls - 10 mli 
graduated 

4 Ampul stoppers 

F Chromatographic. Column - Chroma-" 
flex (400 mm long x lb mm ID) with 
coarse fritted plate on bottom and V 
Teflon stopcock; 250 ml reservoir 
bulb at top of column with flared out 
fuhnel shape at top of bulb >- a special 
order (Kontes K-420540-9011). 



Chromatographic Column - Pyrex 
(approximately 400 mm long x 20 mm 
ID) with a coarse fritted plate on bottom. 

Micro Column Pyrex - constructed 
according to Figure 1. 

Capillary plpets disposable (5-3/4 In.) 
with rubber bulb. (Scientific Pro- 
ducts P5205-1). 

Low pressure regulator - 0 to- 5 PSIG - 
with low- flow needle valve (See Figure 1« 
Matheson Model 70).- 

Beaker - 100 ml 

Micro syringes - 10, ' 25, .50 and 
100 ul. 

Separatory Funnels - 125 ml, 100 ml, 
and 2000 ml .with Teflon stopcocks. 

Graduated Cylinders - -100 ml, 250 ml 
and 1000 ml. 

Blender^^_JJlgh-fifpcedr''glass or stain- 
— less cup. • * 

Florisll - PR Grade (60-100 mesh); 
purchase activated at 1250 F and 
store in the dark in glass containers 
with glass stoppers or foU-lined screw 
caps. Before use, activate each batch, 
overnight at 130 in foil- covered glass 
container. Determine lauric-acld valu^ 
(See Appendix l). 

Silica gel - .Davison code 950-08-08- 
226 (60/80 rriesh). 



R Glass Wool - Hexane extracted. 

S Centrifuge Tubes - Pyrex calibrated 
(15 ml). 



REAGENTS, SOLVENTS AND STANDARDS 

A Ferrous Sulfate - (ACS) 30% solution 
in distilled water. 

B Potassiinn Iodide - (ACS) 10% solution 
in distilled water. 



*2?-2 
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C Sodium Chloride - (ACS) Saturated VI 
solution (pre- rinse NaCl with 
hexane) in distilled water. 

D Sodium Hydroxide - (ACS) 10 N in ^ 
distilled water. 

E Sodium Sulfate - (ACS) Granular, 
anhydrous, conditioned for 4 hours 
@ 400 C. • 

F Sulfuric Acid - (ACS) Mix equal 
volumes of poncentrated H2SO4 
with dtstllled water. 

G . Diethyl Ether - Nanograde, redis- 
tilled in glass. If necessary. 

1 Must contain. 2% alcohol and be^ 
free 0' peroxides by following 
test: to 10 ml of ether in glass- 

' stoppered cylinder previously 
rinsed with ether, add one ml of 
freshly prepared 10%. KI solution.. : 

Shake and let stand one minute^.^ 

- — No-^ellow~col6f~sfiould be ob- 
served in either Jayer. (. 

2 Pe compose ether peroxides by 
adding 40 g of 30% ferrous sul- 
fate solution to each liter of sol- 
vent. CAUTION; Reaction may be 
vigorous if the solvent contains a 
high concentration of peroxide^. 

3 Distill deperoxldlzed ether in glass . . 
and add 2% ethanol. 

H n-Hexane - Pesticide quality (NOT 

MDCED HEXANES). ^1" 

I Acetpnltrile, Hexane, Methanol, 

Methylene Chloride, Petroleum Ether 
(Boiling range 30-60°C) - pesticide 
quality, redistill in glass if necessary, 

J Standards - Aroclors 1221, 123?, 
1242, 1248, 1254, 1260, and 1U16. 

K . ■ Antl- static Solution - STATNUL, 
Daystrom, Inc., Weston Instrument 
Division, Newark, N.J. 95212. 



143 



CAUBR>^TI0N 

Gas chromatographic* operating 
conditions are considered acceptable 
whexi the response to dlcapthon is at ' 
least 50% of full scale when ^ . 06 ng 
is injected for electron capture de- 
tection and Z 100 ng is injected for 
mlcrocoulometrlc or electrolytic con- 
ductivity detection. For all quantitative 
measurements, the detector must be 
operated within its linear response 
range and the detector noise level 
should be less than 2% of full scale. 

B Standards are injected frequently as a 
check on the stability of , operating con- 
ditions,, detector and column. Example 
chromatograms abe shown in Figiures 3 
throu^ 8 and provide reference oper- 
ating conditions. 

^qwalityIcontro^ — ; . - 

A Duplicate and spiked sample analyses 
are recommended as a quality control 
check. When the routine occurrence 
of a pollution parameter is observed, 
quality control charts are also recom- 
mended. 

,B Each time a set of samples is ex-* 
Iracted, a method blank is determined 
on. a volume of distilled water fiqual 
to that used to dilute the sample. 

SAMPLE PREPARATION 

A Blend the sample if suspended matter 
is present "nd adjust pH to near 
neutral (pH 6.5-7. 5) virith 50% suUlirlc 
acid or 10 N sodium hydroxide. 

B For a sensitivity requirement of 1 ^gfl, 
when using microovilometric or electro- 
lytic conductivity methods for detection 
take 1000 ml of samplefor analysis. 
If interferences pose no problem the 
sensitivity of the electron capture 
detector should permit as little as 
100 ml of sample to be used." Back- 
groimd informaticn on the extent and 
nature' of interferences will assist the 
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analyst in choosing the required 
sample size and preferred detector. 

C Quantitatively transfer the proper 
aliquot Into a two-liter separatory 
funnel and dilute to one liter. 



IX EXTRACTION 

A Add 60 ml of 15% methylene chloride 
In hexane (v.v ) to the sample In the 
separatory fuiuiel and shake vigor- 
ously for two minutes. 

B Allow the mixed solvent to separate' 
from the sample, then draw the 
water into a one-liter Erlenmeyer 
flask. I^our the organic layer into 
a 100 ml beaker and then pass It 
through a column containing 3-4 
inches of anhydrous sodium sulfate, 
and collect tt in a 500 ml K-D 
flask equipped with a 10 ml ampul. 
Return the water phase to the separr 
atory funnel. Rinse the Erlenmeyer 
flask with a second 60 ml volimie 
of solvent; add the solvent to the 
separatory funnel and complete the 

" " " extraction procedure a second time; 

^Perform a third extraction in the 
same manner. 

C Concentrate the extract to 6-10 ml 
in the K-D evaporator on a hot 
water bath. J 

" D Qualitatlvelyf^nalyze the S'&mple 
by gas chromatography with an 
electron capvare detector. From the 
response obtained decide: 

1 If there are any organochlorine 
pesticides present, 

2 If there are any PCB's present, 

3 If thei'e Is a combination of 
1 and 2, • 

4 If elemental sulfur present, 

5 IT the response Is too complex to 
determine 1, 2, or 3. 



-^^6 If no response, concentrate to 
1.0 ml or less, as required, 
according to EPA Method/^^ 
pg. 28 and repeat the analysis 
looking for i, 2, 3, 4, and 5. 
Samples containing Aroclors 
with a low percentage of chlorine, 
eg. 1221 and 1232, may require 
this concentration in order to 
achieve the detection limit of 
1 pg/1- Trace quantities of PCQ' s 
are often masked by background ^ 
which usually .occur in the samples. 

E If condition i exists, quantitatively 

determine the organochlorine pesticides 
according to (1). 

F If condition 2> exists, PCB's onty are 
present, no further separation or 
cleaniq) Is necessary. Quantitatively 
determine the PCB's according to 
' XI below. 

G If condition 3 exists, compare peaks, 
obtained from the sample to those 
of standard Aroclors and make a 
judgment as to Wi Ich Aroclors may be 
present. To separate the PCB's 
' from the organochlorine pesticides, 
continue as outlined in x D. 

H If condition £ exists separate the 
sulfur from the sample using the 
method outlined in (X C) followed by 
the method in (X E). 

I If condition 5^ exists then the following 
macro cleanup and separation pro- 
cedures (X B and X C) should be 
employed and. If necessary, followed 
by the micro separation procedures 
(X D and X E). 



CLEANUP AND SEPARATION PROCEDURES 

A Interferences in the form of distinct 

peaks and/or high background in the " 
initial gas chromatographic analysis, 
> ,a8 well an, the physical characteristics 
of the extract (color, cloudiness, 
viscosity) and background knowledge of 
' the sample will indicate whether cleanup 
Is required. When these interfere with 
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measurement of the pesticides, or 
affect column life or detector sensi- 
tivity, proceed as directed below, 

B Acetonltrlle PartltfDn - This pro-, 
cedure Is used to remove- fats and 
oils from the sample extracts. It 
r should be noted that not all pestl- 
^ cldes are quantitatively recovered by 
this procedure. The analyst must be 
aware of this and demonstrate the 
efficiency of tht partitioning for the 
compounds of Interest. 

1 Quantitatively transfer the pre- 
viously concentrated extract to a 
125 ml separatory funnel with 
enough hexane. to bring the final 

* volume to 15 ml. Elxtract the ' 
sample four times by shaking 
vigorously for one minute- with 
30' ml portions of hexane-saturated 
acetonltrlle^. 

\ 

2 Combine and transfer the acetonl- 
trlle phases to a one-liter separa- 
tory funnel and add 650 ml of 
dlsti^ed water and 40 ml of sat- 
urated sodium chloride solution. 
Mix thoroughly for 30-35 seconds. 
Extract with two 100 ml portions 
of hexane by vigorously shaking 
about 15 seconds. 

3 Combine the , hexane extracts in a " 
one-liter separatory funnel and 
wash with two 106 ml' portions of 
distilled water. •Discard the water 
layer and pour the hexane layer 
through a 3-4 inch anhydrous 
sodium sulfate column into a 500 
ml K-D flask equipped with a 

10 ml ampul. Rinise the separa- 
" tory funnel and column with three 
10 ml portions of hexane. 

4 Concentrate the extra^ctsHo 6-10 ml" 
in the K- D evaporator In" a hot 
water bath. 

5 Anatyze by ga^ chromatography 
unless > a need for further cleanup 
Is indicated. 



C Florlsll Column Adsorption Chroma- 
tography ^ 

.1 Adjust the sample extract volume 
, to 10 ml. • . 

. -.2 Place a charge of activated Florlsll 
(weight determined by laurlc acid 
value,' see Appendix I) in a Chroma-. 
fleJr^Mumn. After settling the* 
FlorlslVby tapping the column, add 
• .about oAe-.half inch, layer of anhy- 
drous gfanular sodium sulfate to 
the top. 
\l 

3 Pre-elirte the column, after cooling, 
with 50>'60 ml of petroleum ether, 
Discard the eluate and just prior to 
exposure of the sulfate layer to air 
quantitatively transfer the sample 
extract into the column by decan- 
tatlon and subsequent petroleum 

^ ether washings. Adjust the elutlon 
rate "to about 5 ml per minute and, 
separately, collect up to three 
eluates in 500 ml K-D flasks 
-equipped with 10 ml ampuls. (See 
Eluate Composition below). Perform 
the first elutlon- with 200 ml of 6% 
ethyl ether in petroleum ether, and 
the second elution .with.. 200 ml of 
15% ethyl ether in petroleum ether. 
Perform the third elutlon with 200 ml 
of 50% ethyl ether - petroleum •ither 
and the fourth elutlon with 200 ml , 
of 100% ethyl ether. 

Eluate Composition - By using an 
equivalent quantity of any batch of 
Florlsll as determined by Its laurtc 
acid value," the pesticides will be 
separated into the eluates indicated 
on the following page: 
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6% Eluate 

Aldrin DDT Pentachloro- 
BHC Heptachlor nitrobenzene 
Oilordane Heptachlor Epoxide Strobane. 

• DDD Lindane Toxaphene 

DDE • Methoxychlor Trifluralln 

Mirex PCB's 



15% Eluate 

Endosulfan T 
Endrin 
Dieldrin 
Dichloran 
Phthalate esters 



50% Eiuate 

Endosulfan n 
Captan 



Certain thiophosphate pesticides 
will occur in each of the above 
fractions as well as the 100% 
fraction^ For additional infor- 
mation regarding eluate con^si- 
tion, refer to the FDA Pesticide 
Analytical Manual. (6) 

4 Concentrate the eluate s to 6-10 ml 
in the K-D evaporator In a hot 
water bath. 

, 5 Analyze by gas chroinatograpt^. 

D Silica Gel Micro-Column Separa- 
tion Procedure (7) 

.1 Activation for Silica 'Gel 

ft Place about 20 gm of silica 
gel in a 100 W beaker. Act- 
ivate at 180 C for ^jprcxl- 
mately 16 hourb. Transfer 
'■^ , tlie silica gel to a 1C9 ml glass 
stb{^e red bottle. When cool, 
cover with about 35 ml of 
. 0.50% dietl^l ether 'in benzene 
(volume:volume). Keep bottle 
well sealed; If silica gel 
J* collects on the ground glass 
surfaces, wash off with the 
above solvent before re- 
sealing. .Always maintain an 
^. excess of the mixed solvent In 
:.V bottle (appro^cimately 1/2 In. 
; : above silica gel>. Silica gel 

can be effectively stored in 



tills manner for several days, 

2 Preparation of the Chromatogr^hic 
Column 

a Pack the lower 2 mm ID Section 
of the microcolumn with glass 
wool. Permanently mark the 
column 120 nun above the glass 
wool. Using a dean rubber bulb 
from a disposable pipet seal the 
lower end of the microcolumr . 
Fill the mlcrocolunm with 0.50% 
ether In benzene (kv) to the 
bottom of the 10/30 jglnt (Figure 
1). Using a disposable capillary 
pipet, transfer several allquots 
of the silica get slurry Into the 
microcolumn. After approxi- 
mately 1 cm of silica gel collects 
in the bottom of the microcolumn, 
remove the rubber bulb seal, 
tap the column to insure that ihe 
silica gel settles uniformly. Care- 
fully pack column until the silica 
gel reaches the 120+ 2 mm mark. 
Be sure that there are no air 
' bubbles In the column. 'Add about ' 
*> , 10 mm of sodium sulfate to the 
top of the silica gel. Under- low 
humidity .conditions, .the silica , 
gel may coat the sides of the, 
colunm and not settle properly. 
This can be minimized by wiping 
the outside of the colunm with an 
antl- static solution. ' r- 

b Deactivation of the Silica Gel 

1) Fill the microcolumn to the 
biCfle of the 10/30 Joint with 
the 0.50% ether-benzene mix- 
ture, assemble reservoir 
(using spring clamps) and fill 
with a(^raxlmately 15 ml of 
the 0.50% ether-benzene mix- 
ture. Attach the air presstire 
device (using spring clamps) 
and adjust the elutlon ra*-» to 
approximately 1 ml/mln. with 
the air pressure control. Re- 
lease the air pressure and^ 
detach reservoir just as the 
last of the solvent enters the 
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sodium suifate. Fill the 
c(r?\imn writh n-hexane (not 
mixed hexaoes/ to the base 
of the lC/30 fitting, Evap- 
oi ate all residual benzene 
from th« reb«rvoir, assem- 
-ble the reservoir section 
and fill with 5 ml of n^hexane. 
Apply air pressure and ad- 
just the flow to 1 ml/min. 
(The n-hexane flowe slightly 
iaster than the benzene). 
Release, the aL pressure find 
„ remove the reservoir just 
as the n-hexune enters the 
sodium sulfate. The column 
is now ready for use. 

2) Pipet a 1.0 ml aliquot of 
the concentrated sample 
extract (previously reduced 
to ^ total volume of 2.0 ml) 
on to the column. As the 
last of the sample passes into 
the sodium sulfate layer* 
rinse down the internal wall 
of the column twice with 
0.25 ml of n-hexane. Then 
assemble the upper section 

of the column. As the last 
of the n-hexane rinse reaches 
the surface of thfa so'dium 
sulfate, add enough n-hexane 
(volume predetermined, see 
X D 3 below) to Just lute 
all of the PCB'b present in 
the sample. Apply air 
pressure and adjust until the 
flow is 1 ml/min. Collect 
the desired volume of eluate 
(predetermined, see X D 3 
below) in an accurately .cali- 
brated ampul. As the last 
of the nrhexane reaches the 
surface of the sodium sul- 
fate^ release the air pres- 
sure and change the collec- 
tion fcmpul. 

3) Fill the colum-i with 0.50% 
diethyl ether in benzene, 
again apply air pressure and 
adjust flow to 1 ml/min. 
Collect the eluate until all 
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of the. organochlorine pesti- 
cides of interest have been 
eluted (volume predetermined, . 
see X D3 below). 

4) Analyze the eluates by gas 
chromatography. 

3 Determination of Elution Volumes 

a The elution volumes Tor the 
PCB's and the pesticides depend 
u^n a number of factors which 
are difficult to control. These 
include variation in: 

1) Mesh size of the silica gel 

2) Adsorption properties of the 
silica gel 

3) Polar contaminants present 
in the eluting solvent 

4) Polar materials present in 
the sample and sample 
solvent 

5) The dimensions of the micro- 
columns 

Therefore, the optimum elution 
yplume must be experimentally 
determined each time a factor 
is changed. To determine' the 
elution volumes, add standard 
mixtures of Aroclors and pesti- 
cides to the column aiid serially 
collect 1 ml elution voltmies. 
Analyze the individual eluates by 
gas chromatography and determine 
the cut-off voltmie for >i-hexane 
and for ether-benzene. Figure 2 
shows the retention order of tie 
various PCB components and of 
the pesticides. Using this iiifor- 
mation, prepare the mixtures 
required for calibration of the 
microcolumn. 

b In determining the volume of 

hexane required to elute the PCB's 
the sample volume (1 ml) and 
the volume of n-hexane used to 
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rinse the column wall must 
be co nsid e red. Thus, if it 
is determined that a 10. 0 ml 
elntlon volume is required to 
elnte the FCB*s« the volume 
of hexane to be added In addi- 
tion to the san^le volume 
but inclndtng the rinse ^volume 
shoold be 9. 5' xnl. 

c Figure 2 shows that as the 
average chlorine content of 
a PCB mixture decreases 
the solvent volume for com- 
plete elution increases. Quali- 
tative determtnatlDa (DC Indi- 
cates which Arodbrs are 
present and provides the basis 
for selection of the Ideal elu- 
tion volume. Thle bel^s to 
minimize the quantity of organo- 
chlorine pesticides which wlU 
elute along with the low percent 
chlorine PCB*s and insures the 
most efficient separations possible 
for accurate- analysis. 

d For critical analysis where the 
PCB*s and pesticides are not 
separated completely, the column 
should be accurately calibrated 
sccordbig to (X D 3 a) to de- 
termine the percent of material 
of Interest that elutes in each 
fraction. Then flus& the column 
with an additional 15 ml of 0.50% 
ether In benxene followed by 5 ml 
of n- hexane and use this recon- 
ditioned ccdumn for the sample 
separation. Using this' technique 
one can accurately predict the 
amount (%) of materials in each 
isidcro column fraction. 

Micro Column Separation of Sulfur, 
PCB*s/ and Pesticides 

1 See procedure for preparation and 
packing micro column In PCB 
analysis sec don (X D 1 and X D : 




Microcolumn 



Calibrate, the microcolumn for 



sulfur and PCB separation by 
collecting 1. 0 ml fractions and 
analyzing them "by gas chroma - 
iogpwpby to determine the - 
' followiog: 

1) The fraction with the flzNSt 
eluUng PCB's (those present 
in 1260), 

2) The fraction with the last 
eluting PCB's (those present ^ 
in 1221), 

3} The eSutioo volume for 
sulfnr, 

4) The elution volume for the 
pesticides of Interest In - 
the 0.50% ether-benzene 
fraction. 

.From these data determine t^ 
following: 

- The eluting volume containing 
only sulfur (Fraction I), 

' 2) The eluting volume containing 
the last of the sulftu: and the 
early eluting PCB's (Frac- 
tion n), 

3) The eluting volume containing 
the remaining PCB's (Frac- 
tion m), 

4) The ether-benzene eluting . 
volume containing the pesti- 
cides of interest- (Fraction IV). 

3 Separation Procedure 

a Carefully concentrate the 6% 
eluate from the florlsil-eo^imn 
to 2.0 ml in.Jhe'-gnduated ampul 
on ajwanfffwiter bath. 

Place 1. 0 ml (50%) of the con- 
centrate into the microcolumn 
with a 1 ml pipet. Be careful 
not to get any sulfur crystals 
into the pipet. 
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c Collect Fractions 1 and II in 
calibrated centrifuge tubes. 

Collect Fraction^ III and IV in 
calibrated ground glass stoppered ' 
annpules. 

d SuHur Renooval^®^ - Add 1 to 2 
drops of mercury to Fraction IT 
stopper and place on a wrist- 
action shaker. A black precip- 
itate indicates the presence of 
sulfur. After approximately 
26 minutes the mercury may . 
become entirely reacted or de- 
activated by the precipitate* The 
sample should^be quantitatively 
transferred to a clean centrifuge 
tube and additional mercury added* 
When crystals are present in the 
sample, three treatments may be 
necessary to remove all the 
sulfur. After all the jsulfur has 
been removed from Fraction II 
(check using ga'b chromatography) 
combine Fractions II andlll. Adjust 
the volume to 10 ml and analyze 
gas chromatographic ally. Be 
sure no mercury is transferred 
to the combined Fractions II and 
III. since It can react with certain 
pesticides. 

By combining Fractions II and III, 
if PCB's are pre«ent. it is 
.possible to identify the A ro clods) 
present and a quantitative analysis 
can be performed accord in gly« 
Fraction I can be discarded 
it only contains the^ulk-DTthe 
sulfur. Anajyae-Fractions III 
and i3£-fartie PCB's and pesti - 
If DDT and its homologs, 
aldrin, heptachlor. or technical 
chlordane are present along with 
the PCB's. an additional micro- 
column separation can he per- 
formed which may help to further 
separate the PCB's from the 
pesticides (See X D). 

XI QUANTITATIVE DETERMINATION 

A Measure the volume of n-hexane 

eluate. containing the PCB'frand inject 
1 to 5 H.1 into the gas chromatograph. 
If necessary, adjust the volume of the 
eluate to give linear response to the 
electron capture detector. The 




microcoulometric or the electrolytic 
detector may be employed to improve 
specificity for samples having higher 
concentrations of PCB's. 

B Calculations 

1 When a single Aroclor is present, 
compare quantitative Aroclor 
reference standard (e*g. « 1242« 
1260) to ^e unknown. Measure and 
sum ihe areas of the uiiknown and 
the reference Aroclor and calculate 
the result as follows: 



Microgram/liter : 



lAJ |BJ IVtJ 
KVj) (V)J 



A = ng of Standard fejected _ ng 
2J of btandard Peak Areas ~ 2 
mm 

B = r of Sample Peak Areas.- (mm^) . 

Vj= Volume of sample injected (jil) 

V^= Volume of Extract (jil) from which 
sample Is injected into gas chroma- 
tograph 

V = Volume of water sample extracted 
^ (ml) 

N » 2 when micro colirnintised . 

1 whenjnicrCTcoiumn not used 




Peak height (mm x Peak 
Width at 1/2 height 

2 For complex situations, use the 
calibration method described below. 
Small variations in components 
between different Aroclor batches 
make it necessary to obtain samples 
. of several specific Aroclors. These 
reference Aroclors can be obtained ' 
from Dr. Ronald Webb. Southeast 
Environmental Research Laboratory. 
EPA, Athens. Georgia 30601. The 
procedure is as followst 

a Using the OV- 1 column, cliroma* 
tograph a known quantity ...r each 
Aroclor reference standard. Also 
chromatograph a sample of p, p' - 
DDE. Suggested concentration of 
each standard is 0. 1 ng/p.1 for the 
Aroclors and 0. 02 ng/^1 for the 
p.p'-DDE. 
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Determine the relative retention 
time (RRT) of each PCB peak in 
the resulting dtromatograma 
using p,p*-DDE as 100. See 
Figures 3 through 5. 



RRT = 



RT X 100 



RRT a 



HT 



RT, 



Relative Retention 
Time 

Retention time of 
peak of interest 

DDE « Retention time of 
p, p'-DDE 



Retention time is measured as 
that distance in mm between the 
first appearance of th^ solvent 
peak and the maximum Joe 
compound. 

nbrate the instrument for 
each PCB measure the area of 
each peak. 

Area s Peak height (mm) x Peak 
width at 1/2 height. Using Tables 
1 through 6 obtain the propeV 
mean weight factor, then deter- « 
mine the response factor ng/mm . 



ng/mm' 



^ (ng^) (mean percent) 



ngj. 



(Area; 

ng of Aroclor Standard Injected 



Mean weight percent = obtained from 

Tables 1 through 



Where Area = AreaJmm ) of 
sample peak ng/mm Response 
factor for that peak measured. 
Then add the nanograms of PCB^ 
present in the injection to get the 
total number of nanograms of 
PCB's present. Use the following 
^ . formula to calculate the concen~ • 
tration of PCB's in the sample: 

Micrograms /Liter = ^"g^ ^Vt^ 

» volume of water extracted (ml) 

=» volume of extract (pi) 

V| « volume of sample injected (pi) 

"^ng =1 sum of all the' PCB's in nano- 
grams for that Aroclor identifled 

N « 2 «4ien microcolumn used 

N s 1 when microcolumn not used 

The Value can then be reported ' 
as Micrograms /Liter PCB's 
reported as the Aroclor. For 
samples containing more than one 
Aroclor. use Figure 9 chromato- 
* gram divisional flow chart to 
assign a proper response factor 
to each* peak and also identify the 
"most likely" Aroslors present. 
Calculate the ng of each PCB 
isomer present and sum them 
according to the divisional flow 
chart. Using the formula above, 
calculate the concentration of the 
various Aroclors present in the 
sample. 



CalcuU» e the RRT value and the 
area '^^r each PCB peak in the 
sanij^-e .chroma togram. Compare 
the sionple chromatogram to those 
obtained for each reference 
Aroclor standard. If it is appar- 
ent tiiat the PCB peaks present 
are due to only one Aroclor then ■ 
calculate the concentration of 
each PCB using the following 
formula: 

ng PCB ■ ng/mm^ x Area 



XU REPORTING RESULTS 

A Repprt results in micrograms per liter 
witiiout correction for recovery data. 
When duplicat^and spiked samples are 
analyzed. aU daU obUined should be 
reported. 
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Table 1 



Composition of Aroclor 1221^^^' 



RRT* 


Mean 
Weight 
Percent 


Relative 
Std. Dev. o 


Number of 
Chlorines*^ 


11 


31. 8 


15.8 


1 


14 


19/3 


9. 1 


1 


16 


10. 1 


9.7 


2 


19 


2.8 


9.7 


2 


21 


20.8 


9.3 


2 


28 


5.4 


13.9 


sn 85% 


32 






3j 15% 


1.4 


30. 1 


21 10% 


[37 






3j 90% 
3 


1.7 


48. 8 


[40 






3 


Total 


93.3 







Retention time relative to p, p'-DDE= 100. Measured from first 
. appearance of solvent. Overlapping peaks that are quantitated 
as one peak are bracketed. 

^Standard deviation of seventeen results as a percentage oi :he 
mean of the results. 

'^From GC-MS daia. Peaks containing misrtures of isomers 
of different chlorine numbers are bracketed.. 
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Table 2 



CompositioD of Aroclor 1232 



RRT^ 


Mean 
Weight 
Percent 


Relative. , 
Std. Dev. 


Number of 
Chlorines*^ 


11 


16.2 


3.4 


1 


14 


9.9 


2.5 


1 


16 


7.1 


6.8 


2 


[20 


17.8 


2.4 


2 


[21 






2 


28 


9.6 


3.4 


2l 40% 


32 






3 J 60% 
3 


3.9 


4.7 


37 


6.8 


2.5 


3 


40 


6.4 


2.7 


3 


47 


4.2 


4. 1 


4 


54 


3.4 


3.4 


3l 33% 


5« 






4 J 67% 


2.6 


3.7 


70 


4.6 


3.1 


AT 90% 


78 






5 J 10% 
4 


1.7 


7.5 


Total 


, 94.2 







^Retention time relative to p,p*-DDE= 100. Measured frcxrf first 
. appearance of solvent. Overlapping peaks that are quantltated 
as one peak are bracketed.' 

Standard deviation of four results as a mean of the results. 

'^From GC-MS data.. Peaks containing mixtures of Isomers of 
different chlorine numbers ^re bracketed . , 
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Table 3 

Composition of Arodor 1242^®^ 



RRT^ 


Mean 
Weight 
Percent 


RelaUve . 
Std. Dev. 


Number of. .. 
Chlorines 


11 


1 


1 


35.7 


1 




16 


2 


9 


4.2 


2 




21 


11 


3 


3.0 


2 ' 




28 


11 


0 


5.0 




25% 


32 








. p. 


75% 


. 6 


1 


4.7 




37 


11 


5 - 


5.7 


3 




40 


11 


1 


6.2 


3 




47 


8 


8 


4.3 


4 




54 


6. 


8 


2.9 




33% 


58 










67% 


5. 


6 


3.3 




70 


10. 


3 


2.8 




90% 


78 










10% 


' 3. 


6 


4.2 




84 


2. 


7 


9.7 


5 




98 


1. 


5 


9.4 


5 




104 


2. 


3 


16.4 ■ 


5 




125 


1. 


6 


20.4 


n 


85% 


146 










15% 


1. 


0 


19.9 




75% 










- I] 


25% 


Total ' 


. 98'. 5 







Retention time relative to p, p'-DDEs'lOO. Measured from first 
appearance of solvent. 

f*Standard deviation of six results as a percentage of the mean 
of the results. 

^From^GC-MS data. Peaks containing mixtures of isomers of 
different chlorine number are bracketed. 



153 



27-13 



ERIC 



Method for Potychlorinated Blpheiryla in Indtis trial EfflUenU 



Table 4 
Composition of Arodor 1248 



RRT* 


Mean 
Weight 
Percent 


Relative . 
Std. Dcv.^ 


V 

Number 
Chlorines 


21 


1.2 


23.9 - 


2 




28 


' 5.2 


3.3 


3 




32 


' ' 3.2 


3.8 


3 




37 ' 


8.3 


3.8 


3 




40 


8.3 


3.9 




85% 


47 








15% 


15.8 


1.1 






54 


9.7 


8.0 




1 10% 


58 . 








i 90% 


9.3 


5.8 


4 




70 


19.0 


1.4 




80% 


78 






t] 


20% 


8.6 


2.7 


4 




84 


4.9 


• 2.8 


5 




98 


3.2 


3.2 


5 - 




104 


3.3 


3.8- 




10% 


112 






11 


90% 


1.2 


. 6.8 






125 


2.8 


" 5.9 


5' 


90% 


148 






8, 


10% 


1.5 


10.0 


5' 


85% ' 








8 


15% 


Total 


103.1 







1 



I ^Retention time relative to p» p'-DD£« 100. Measured from 
' first appearance of solvent. . ^ 



Standard deviation of six results. as a percentage of the mean 
of the results. 



From GC-MS data. Peaks containing mixtures of isomers 
of different chlorine numbers are bracketed. 
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„ . Table 5 
Composition of Aroclor 1254^^^ 



RRT" 



Mean 
Weight 
Percent 



Relative . 
Std. Dev. 



Number of 
Chlorines 



47 
54 
58 
70 

84 
-98 
104 
125 

146 

160 
174 
203 
232 



^.2 
2.9 
1.4 
13.2 

17.3 
7.5 
13.6 
15.0 

10.4* 

1.3 
8.4 
1.8 
1.0 



3.7 
2.6 
2.8 
2.7 

1.9 
5.3 
3.8 
2.4 

2.7 

8.4' 
5.5 
18.6 

2j5.1 



4 

4 
4 
4 
5 
5 
-5 
5 

I] 
I] 

6 
6 
6 
7 



1 

J 71 



25% 
75% 



Total 



100.0 



Rel/intlon time relative to p, p'-DDE=100. Measured from first 
appearance of solvent. 

^Standard deviation of - six results as a percentage of the mean 
of the results. ^ 

^From GC-MS data. Peaks containing mixtures of Isomers are 
bracketed. ■ - 



IGO 



70% 
30% 
30% 
70% 
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Table 6 ' 
Composition of Aj»cl6r 1260 



RRT* 


Mean 
Weight 
Percent 


Relative . * 
Std. Dev.*^ 


Number o^' 
Chlorines 


70^" 














6.3 


5 




84 • 


4.7 


1.6 


5 






3.8 


3.5 






ll04 








60% . 


117 








i 40% 


3.3 


6.7 




125 


12.3 


3.3 


I] 


15% 


146 








&5%. 


14.1 


3.6 




160 


4.9 


2.2 


^ I] 


50% 


174 








50% 


. 12.4 


2.7 


6^ 


203 


9.3 


4.0 


6 


*■ 10% 


[232 






. 7. 


e 










1244 


9.8 


3.4 


6 


10% 


280 


11.0 


2.4 


8. 
7 


^0% 


332 


4.2 


5.0 


^ 7 




372 


4.0 


8.6 


8 




448 - 


.6 


25.3" 


8 




528 


1.5 


10.2 


8 




ToUl 


98.6 







Retention time relative to p,p'-DDE=5 100. Measured from first 
appearance of solvent: Overlapping peaks that are quantitated 
as one peak are bracketed. 



Standard deviation of six results as a mean of the results. 



From GC-MS data. Pedks containing mixtures of isomers of 
different chlorine numbers are bracketed. 



Composition determined at the center of peak 104. 
^Composition determined at the center of peak 232. 
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COMPRESSED 
AIR 

SUPPLY 




23 cm K 4.2 mm 1.0. 



2 cm X 2 mm 1.0. 



FIGURE L MICROCOLUMN SYSTEM 



. L 



HCPTACHLOR 



DDE 





ALDRIN 1 




OP' a PP' DDT 






1 y-CHLDROAME 


1 TECHNICAL CHLOROANE 




\\\\ • 



'68 

VOLUME n.-HEXANE ml 

Figure 2. Aroclor Elution Pattern 
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iiare 3. ColBBo: 3% OM Carrier fias: NiUwD at 60 Bl/Bl^ 
Colucin Teiaptralnrc 170 C, Datector: Eleetrao Captira ' 

1 

S ' ' . ■ 

164 ' ■ ■ • 

ERIC 




f\im ColiiiBii: 3% OV-1, Carrier Bai: HitWEeB at GO ral/aiii, . 
Cilonn Tinpiirature: 170 C, Detector: Electros Capture. 




Figure 5. Cotan:.3!i flHCayricr Gas: tlltrcECH at 60 ml/mii), 
"Mm Temperature: 170 Detector: Electron Capture. 
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AROCLOR 1242 




ERIC 



9 12 15 11 
RETEKTION TIME IN MINUTES 

FIC«re 6. Colann: 1.5% 0Vm7 * t.95% QF-1, Cirrisr Gas: NIUoEan 
at 60 nl/fliin, CoIubid Tsnperatare: 200 C, Dtttctor; ElBCtron Captarr. 



AROCLOit 1260 




# 

I t ' I I I I 1 ' ' ' ■ r I 1 I I 1 1 

) t I 12 IS II 21 24 , 27 30 » II Jl 42 4S 41 SI • 5« 



IETENTI3II mi \i UtKDTES 

Fiftri I. CiIisib: 11% ml ^ 1.95% QF-I. Cirriir Ett: mm it (0 ('Ickb T»Pint»i: 2110C, Oittctir: tketrei Cipttri, 
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RRT o1 first ptik<47? 



ivy ' \^ 



Is there i distinct 
peek w4th RRT 787 



RRT 47-587 



YES 



Use 1242 lor I j Use 1242 lor 
peeks ^ RRT 84 | [ peeks - RRT 701 




Use 1254 
lor peeks 
1 RRT 104 



RRT ^707 



Is tkere e distinct 
peek with RRT 1177 



tES 



Use 1260 for 
all peeks 



NO 



Use 1254 for alt 
peeks- RRT 174 



^ ^ 

Use 1260 for | 
all other pe8k< J 



Figure 9. Chromatcgram Divisioii Flowchart jSj. 
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APPENDIX 1 



Xin STANDARDIZATION OF FLORISIL 

COLUMN BY WEIGHT ADJUSTMENT 
BASED ON ADSORPTION OF LAURIC 
ACID 

A A rapid method for determining 

adsorptive capacity of Florisil is baaed 
on adsorption of lauric acid from hexane 
solution (6), (8). An excess of lauric 
acid is used and amount not adsorbed 
is measured by alkali titration. Weight 
of ?Jiuric acid adsorbed is used to cal- 
culate, by simple proportion, equiv- 
alent quantities of Florisil for batches 
having different adsorptive capacities. 

B Apparatus 

1 Buret. - 25 rrl with 1/10 ml . 
graduations. 

2 Erlenmeyer flasks. 125 ml narro'v 
mouth and 25iml, ^l^i;a stoppered. 

3 Pipet. - 10 and 20 nil transfer. 

4 Voiumetrlc flnsks. — 500 tiil. 

C Rpagbflts and jJolvents 

. 1 AlcohoU ethyl. - USP or absolute, 
neutralized to pheiiolphthalein. , 

2 Ho-ane. - DXstiUed from all glass 
apparatus. 

3 Lauric acJd. - Purlfiftd, CP. 

4 Lauric acidr solution. Trans ier 
10. 000 g ]auric acid to 500 ml 
Valium strii! flask, dissolve in hexahe, 
and dilute to 500 ml (1 ml » 20 mg). 

5 PhenolpMiiP.lein Indicator. — DisBolve 
1 g 111 alrohol and dllutv to 100 ml. 

6 Sodium hydroxide. -•DUsolve 20 g 
NaOH (pellets, reagent grade) in 
water and dilute to 50G ml (iN). 
DUute 25 ml IK NaOH ^o 500"mi 

, with water (0.?5N}. Standardize as 
followB: Weigh TtO-200 mg lauric 
acid into 125 ml Erlenmeyer flask. 
Add 50 ml neutralized ethyl alcohol 
" and ^ drops phencdpnthalein indi- 

cator; titrate to permanent end point. 
Caltul^.te m£ lauric acid /ml 
0. 05 N NaOF <about 10 mg/ml). 



D Procedure 

1 Transfer 2. Ou6 Flori.ill to 25 ml 
glass stopperet^ /'rlermieyer flasks. 
Cover loosely nUh aluminum foil 
and heat ovemU:.u at 130 C 

' Stopper, cool to room temperature, 
add 20.0 ml hnM'ic acid solution 
(400 mg), Btopi. t:r, and shake 
occasionally for '«3 mJn. Let 
adsorbent sF.tUe and plpet 10.0 ml 
of supernataut into 125 ml Erifr:* , 
meyer fl&ck. ^void inclusion oi 
any Flori&ll. 

2 Add 50 v.rutrs^l alcohol u. d ' 

r 3 drops /iridicatov soluti-o.'.. titrate 
with 0. 05N to a psrraai^^t'Xw. v*nd 
point. 

B CalculaUon of Lcorlc ^c.-'; v alue and 
Adjustment of Column T'-^xgrt 

1 Calculate amount of lauric acid 
adsorbed on Florl'^ll as foUowsi 

Lauric Ac-id valve « mg lauric 
acid/g FtortnlS j<CO - (ml 
roqiUrrd for titration X mg lauric 
s.cid/oii fl.C^jN NttOH). 

2 To ol-triLi an equivalent quantity 
of ai: - batch of Florisil, divide 
110 by lauric acid value for that 

' batch and multiply by 20 g. 
Verify pJroper elution of pesti- 
cides by 13.6. 

F. Tetft ;or Proper Elution Pattern and 
r.ecovory of Pesticides; Prepare 
a f^i'A ;T:lxture containing aldrln, 
heptachlor epoxide, p, p'-DDE, 
.dieldrln, Parathion and malathion. 
Dieldrin ond Parathion should elute 
in the lofv eluate; all but a trace of 
malathic: in the 50% eluate and the 
others in the 6% eluatft. 
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METHOD FOR ORGANOCHLORINE PESTiaDES 
IN INDUSTRIAL EFFLUENTS 



I SCOPE AND APPUCATION 

A This method covers the determination 
of various organochlorlne pesticides. 
Including some pestlcldal degradation 
products and related C0R^)0unds in 
industrial effluents. Such compounds 
are composed of carbon, hydrogen, 
and chlorine, but may also contain 
oxygen, sulfur, phosphorus, nitrogen 
or other halogens. 

/X 

B The following compounds may be 

determined indlvidji^lly by this method 
with a sensitivity of 1 ^g/Uter: BHC, 
lindane, heptachlor, aldrin, heptachlor 
epoadde, dleldrin, endrin, Captan, 
DDE, DDD, DDT, methoxychlor, endo- 
sulfan, dlchloran, mlrex, pentachloro- 
nltrobenzene. and trifluralin. Under 
favorable cirdumstances, Strobane, 
toxapHene, chlordane (tech.) and 
others may also be determined. The 
usefulness of the method for other 
specific pesticides must be demon- 
strated by the ana]y,st before any 
attempt is made to apply It to sample 
analysis.' 

C When organochlorlne pesticides exist 
as complex mixtures, the individual 
compounds may be difficult to dis- 
tinguish. High, low, or otherwise 
unreliable resultfi may be obtained 
through mis Identification and/or one 
compound obscuring another ot lesser 
concentratibn. Provisions incorporated' 
in this method are Intended to minimize 
the occurrence of such interferences. 

Il' SUMMARY 

A The method offers several analytical 
alternatives, dependent on the analyst's 
assessment of the nature and extent 
of interferences and/or the complexity 
of the pesticide mixtures found. 
Specifically, the procedure describes 
the use of an effective co-solvent for 
efficient sample extraction; provides. 



throu^ use of column chromatography 
and Uquld-iiquld partition, methods 
for elimination of non-pestlclde inter- 
ferences and the pre- separation of.- 
pesticide mixtures. Identification Is 
made by selective gas chromatographic 
separations and may 'be corroborated 
through the use of two or more unlike ^ 
columns. Detection and measurement Is 
accomplished by electron capture, mlcro- 
coulometrlc or^ electrolytic conductivity 
gas chromatography. Results are re- 
ported in micrograms per liter. 

B This method Is recommended for use 
only by experienced pesticide aneJysts 
or under the close supervision of such 
qualified persons. 

in INTERFERENCES 

A Solvents, reagents, glassware, and 
other sample processing oardware may 
yield discrete artifacts and/ or elevated 
baselines causing misinterpretation of 
gas chromatograms. All of these ma- 
terials must be demonstrated to be free 
^ from interferences under the conditions 
of the anlaysls. Specific selection of 
reagents and purification solvents by 
distillation In aU- glass systems may be 
required. Refer to Part I, Sections 1.4 
and 1.5. 

B The interferences in industrial effluents 
are high and varied and often pose great 
difficulty in obtaining accurate and pre- 
cise measurement of organochlorlne 
l>estlclde6. Sample clean-up procedures 
are generally required and may result 
in the loss of certain organochlorlne 
pesticides. Therefore, great care 
should be exercised in the selection 
and use of methods for eliminating or 
minimizing interferences. It is not 
possible to describe procedures for 
overcoming all of the interferences that 
may be encountered in industrial 
effluents. 
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C .Polychlorinated Blphenyle (PCB'e) - 
Special attention l6 called to indust- 
rial plasticizere and hydrauUc fluids 
such as tlrie PCB's which are a 
potential source of interference in 
pesticide aiialysis. The presence of 
PCB's is indicated by a large number 
of partially resolved or unresolved 
peaks which niay occur throughout 
the entire chromatogram. Particular- 
ly severe PCB Interference will require 
special separation procedures. 

D Phthalate Esters - These compounds, 
widely used as plasticizers, respond 
to the electron capture detector and 
are a source of Interference In the 
determination of organo chlorine pest- 
icides using this detector. Water 
leaches these materials "from plastics, 
such as polyethylene bottles and tygon 
tubing, The presence of phthalate 
esters is implicated in samples that 
respond^to electron capture but not 
to the mlcrocoulometrlc or electro- 
lytic conductivity halogen detectors 
or to the fXame^ photometzlc detector. 

E Organophosphorus Pesticides - A 

number of organophosphorus pesticides, 
such as those containing a nltro group, 
e.g., parathlon, also respond to the 
electron capture detector and may 
interfere with the determination of 
the organochlorlixe pesticides. Such 
compounds can be Identified by their 
response to the flame photometric 
detector. 



IV APPARATUS AND MATERIALS ' 

A Gas Chromatograph - Equipped with 
glass lined Injection port. 

B Detector Optlonc: 

1 Electron Capture - Radioactive 
(tritium or nickel 63) ' ' 

2 Mlcrocoulometrlc Titration 

3 Electrolytic Conductivity 



C Recorder -, Potentlometrlc strip 
chart (10 In.) compatible with the 
detector. 

D Gas Chromatographic Column Materials: • - 

1 Tubing - Pyrex (180 cm long x 
4 mm ID) 

2 Glass Wool - Silanlzed 

3 Solid Support - Gas-Chrom Q 
(100-120 mesh) 

4 Liquid Phases - ExpreSPed as 
weight percent coated on solid 
support. 

a OV- 1, 3% 

. b OV-210, 5% 

c OV 17, 1.5% plus QF-1, 1.95% 

d QF-1, 6% plus SE-30, 4% 

E Kudema-Danlsh (K-D) Glassware (Kontes) 

1 Snyder Column - three ball (macro) 
and two ball (micro) 

2 Evaporative Flasks - 500 ml 

3 Receiver Ampuls - 10 ml, graduated 

4 Ampul Stoppers 

F Chromatographic Column - Chromaflex 
(400 mm long x 19 mm ID) with coarse 
fritted plate on bottorji and Teflon 
stopcock; 250 ml reservoir bulb at top 
of column with flared out funnel shape 
at top of bulb"- a special order 
(Kontes K- 420540-901 1 ). 

G Chromatographic Column - pyrex 

(approximately 400 mm long x 20 mm ID) 
with coarse fritted plate on bottom, 

H Mlcho Syringes - 10, 25, 50 and 100 ^1 

I Separatory Funnels - 125 ml, lOOO ml 
and 2000 ml with Teflon stopcock. 
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Blender - High apeed, glaaa or 
atalnlesa ateel cup. 

Graduated cyllndera - 100, 250 
and 1000 ml. 

Florlall - PR Grade (60-100 meah); 
purchaae activated at 1250 ,F and 
atorc in the dark In glaaa con- 
talnera with glasa stoppera or foll- 
llned acrcw cc^a. . Before use, 
activate each batch overnight at 
130 C In foil- covered glaaa con-, 
talner. Determlhe la uric -acid * 
value (See Appendix I). 



V REAGENTS, SOLVENTS, AND STANDARDS 

A Ferroua Sulfate - (ACS)* 307o aolutlon 
In dlatllled water. 

B , Potaaalum Iodide - (ACS) 10% aolu- 
tlon in distilled water. 

C SofJlum Chloride - (ACS) Saturate^ 
aolutlon In. distilled .water (pre-rlnae 
* . NaCl with hfexane). 

' D Sodium Hydroxide - (ACS) 10 N In 
. distilled water. 

E Sodium Sulfate - (ASC) Granular, 

anhydrnya (conditioned @ 400 C for ' 
4 hcoirs). 

F Sulfuric Acid - (ASC) Mix equal 
volumea of concentration H«S04 
with dlatlUed water. 

G Diethyl Ether - Nanograde, re- 
distilled ln;glaas. If neceaaary. 

I Muat contain 2% alcohol and be 
free of peroxldea by following 
test: To 10 ml of ethei In glaaa- 
stoppered cylinder previ . • 
rinsed with ether, add cnr ti '> of 
freshly prepared 10% Kl aoluti jn. 
Shake and let stand one minute. 
No yellow color should be ob- 
served In either layer. 



2 Decompose ether peroxldea by 
adding 40 g of 30% ferroua aulfate 
aolutlon to each liter of aolvent.- 
CAUTION: Reaction may be 
vlgoroua If th^ solvent contalna a 
hl^ concentration of peroxldea. 

( 3 Dlatlll deperoxldlzed ether in 
glaaa and add 2% ethanol. 

H Acetonltrlle, Hexane, Methanol', Methy- 
lene Chloride, petroleum Ether 
(boiling range 30-60 C) - nanograde, 
rediatill In glaaa If neceaaary. 

I Peatlclde Standarda - Reference grade.. 



VI CAUBRATION 

A Oaa chromatographic opeVating con- 
dltlona are conaldered acceptable If 
the reaponae to dlcapthon la at least . 
50% of full acale-when^ 0.06 ng la 
injected for electron capture detection 
' and^ 100 ng la Injected for micro- 

coulom^trlc or electrolytic conductivity 
detection. For all quantitative 
meaaurementa, the detector muat be 
operated within Ita anear reaponae 
rang& and the detector nolae level 
3houl(l be leaa than 2% of full acale. * 

B Standarda are Injected frequently aa a 
. check on the stability of operating 
conditions. Gaa chromatograma of 
aeveral atandard pesticides are shown 
In Figures 1, 2, 3* and 4 .and provide 
reference operating conditions for the 
four recommended columns. 

C The elutlon order and retention ratios 
of various organochlorine pesticides 
are provided in Table 1, as a guide. 

QUALITY control) ^ 

A Duplicate and spiked sample analyses 
are recommended as quality control 
checks. .When the routine occurrence • 
of a pesticide Is being observed, the 
use of (Quality control charts -Is 
recommended. (5) • ' i 
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. Eaph time a set of sampler Is 
extracted, a method blank Is deter- 
mined on a volume of distilled 
water equivalent to that used to 

. dilute the sample. 



solvent; add the solvent to the . 
separtory funnel and complete the 
extraction procedure a second time. 
Perform a thlri extraction In the 
same manner. 



Vin .SAMPLE PREPARATION 

A Blend the sample If .suspended "* 
matter Is present and adjust pH 
to near neutral (pH 6.5-7.5) with' 
» * 50% sulfuric acid or 10 N sodium 

hydroxide. i 

B For a seni^ltlvlty requireptjent, of 
• w^en using' mldieocoulo- 
metrlc or electrolytic conductivity 
methods for detection, 100 ml or 
m*ore of sample will be required 
for analysis. If Interferences po^^ 
* no problem, the sensitivity of the 
' electron capture detector should 
'permlt'as little as 50 ml of sample 
to be used. Background information 
on the extent and nature of inter- 
feVences will assist the analyst in . 
choosing, the required sample size 
and preferred aetector. 

C Quantitatively transfer the proper 
aliquot into a^ two- liter sep^ratory 
funnel and, dilute to one liter. 



\ 



IX EXTRACTION 



/ 



C > Concentrate the ejrtract in the K- D- 
evaporator hot water bath. 

D Analyze by gas <£"romatography unless 
a need for cleanip is indicated ($ee 
Section X). 

X CLEAN-UP AND SEPARjfrlON PROCEDURES 

^ K <• Interferences in the form of distinct 
peaHp and/ or high background in the 
initial gas chromatographic analysis, 
as well as the physical characteristics 
of the extract (color, cloudiness, 
viscosity) and background knowledge of 
• ' the sample will indltfate whether clean- 
up is required. When the^e Interfered 
witjv measurement of the pesticides, ( 
or iaffect column life or detector \ 
sensitivity, proceed ae directed belovv^ 



Add 60 ml of 1&% methylene chloride 
in hexane (v:v) to the sample in the. 
separatory funnel and shake vigor- 
ously for two minutes. 

Allow the mixed solvent "lo %epR.7at^ 
from the sample, then draw the , ' 
vrater into a one- liter Erlenmeyer 
' flask. Pour the organic layer into 
a 100 ml beaker and then pass it 
th4*ough a column cbntaining 3-4 
inches' of anhydrous sodium sulfate* 
and collect it in a 500 ipl K-D flask 
equipped with a 10 n^l ampiil. Rc- * 
turn the water phase to the separatory 
funnel. Rinse tt^ Erlenmeyer flask 
with a second 0v rAl volume of 



Acetonltrlle Partition - This pronedureL 
is us^d tp isolate fats and oils from' 
the sample extracts. It should be 
noted that not all pesticides are quanti- 
tatively recovered by this procedure. 
The analyst must be aware of this and 
demonstrate the efficiency of the par- 
titioning for specific pesticides. Of the 
pesticides listed In Scope I B only 
mlrex is not efficiently recovet .'d. 

1 Quantitatively transfer the previously 
concentrated extract to a 125 ml 
separatory funnel *th enough hexane 
to bring the final volumv. to 15 mi. 
Extract the sample four times by 
shaking vigorously^ for one minute 
with 30 ml portions of hexane- 
saturated acetonltrlle. 

2 Combine and transfer the acetonit^ fie 
phases to a one- liter separatory 
fuineX and add ^50 ml of distilled 
water and 40 ml of saturated sodium ^ 
chloride solution. Mi» thoroughly 
for -3 0-45 seconds. Extract with 
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two 100 ml portlona of hexane 
' -by vigo'^oualy ahaking about 
. 15 aeconda. 

3 -Combine the hexane extract in 

. a one'llter aeparatory funnel and 

waah with two 100 ml portlona 
*, of distilled water. Diacard the 
^ water layer a^ pour the hexane 
through a 3-4 inch anhydroua* 
"aMljum sulfate column into a' 
J SpQ ml K- D flaBk equipped with 
•a 10 ml ampul. Rinae the 
aeparatory funnel and columi^ 
with three 10 ml portlona of 
hexane. . * 

4 Concentrate the extracta to 6-10 
ml In the-K-D evaporator in a 

■ hot water bath. 

5 Analyze by gaa chroms^tograp^y 
unleas a need for- further cleanup 

, I? Indicated. 

Fl6rl9il Column Adaoprtlon Chroma- 
tography 

1 Adjuat the aample extraict volume 
to 10 ml. 

2 Place a charge of activated 
Floriall (welgl-rt determined b> 
laurlc-aold value, aee Appendix I) 
In a Chromaflex column. After 
settling, the Florlsil by tapping 
the column, add about one-hali' 
Inch layer pi anhydcous granular 
aodlum sulfate to the top. 

3 Pre-elute the column, after cooling, 
with '50-60 ml of petroleum ether. 
Diacard the eluate and juat prior 

to ftxpoaure of the Bulfate lay,er 
to air. quantitatively tranafer the 
sample extract into the column by 
decantatlon and subaequeiiv petro- 
leum ether waahlnga. Adjust the 
elutlon rate to about 5 ml per 
minute and. aeparately. collect 
up to three eluatea in 500 ml K-D 
^ flaaks equipped wlfh 10 ml ampuls. 
(See 'Eluate Composition C). - 
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Perform the first elutlon with 
200 ml of 6% ethyl ether In 
petroleum ether, and the second 
elutlon with 200 ml of 15%(ethyl 
ether In petroleum ether. Perform 
the third elution with 20U ml of 
50% ethyl ether - petroleum ether 
and the fourth elution with 200 ml ' 
of 10^% ethyl ether. 

4 ^Concentrate the eluates to 6-10 ml 

In thf» K-D evaporator In a hot 
water bath. 

5 Analyze by gas chromatography. 

Il^luate Composition - By using an 
equivalent quantity of any batch of 
riorlsll as determined by Its lauric 
acid value, the pesticides will be 
separated into the eluates Indicated 
below: 



Aldrln 
BHC 

Chlordane 
DDD' 



6% Eluate 

DDT Pentachloro- 

Heptachlor nitrobenzene 

Heptachlar ExpoxLde Strobane 



Lindane 
Methojcychlor 
Ml rex 



Toxaphenc 
Trlfluralln 
PCB's 



50% Eluate 

EndosuUan II 
Cap tan 



15% Equate 

Endosulfah I 

Endrln 
Dleldrln 
Dlchloran 
Phthalate esters 



Certain thlophosphate pesticides will 
occur In each of the ubove fractions 
as well as the 100% fraction. For 
additional Information regarding eluate 
composition, refer to the FDA Pesti- 
cide Analytical Manual. 
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XI CALCtiLATION OF RESULTS 

A Deterniine the pesticide concentra- 
tion by using the absolute calibra- 
tion procedure described below or 
the relative calibration procedure 
-described it/ part I, Section * 
3»4.2.(1) 

'(1) Micrograms/Uter » (A) (B> (Vj) 

A ■ ng standard 
Standard area 

B " Sample aliquot area 

Vj " Volume of extract 
injected 0;1) 

Vt ■ Volume of total 
extract OjI) 

Vg ■ Volume of water 
•.xtranted (ml) 

XII REPORTING RESULTS ' 

A Report results in micrograms per 
liter without correction for recovery 
data. When duplicate and spiked 
samples are analyzed* all data ob- 
tained should be reported. 
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-RETENTION RATIOS OF VARIOUS ORGANOCHLORINH: PESTICIDES RELATIVE TO ALDRIN 



.];.iquid Phase ^ 

t 


1.5% OV-17 
1-95% QF-1 


5% 
OV-210 


3% 
OV-1 


6% QF-1 
+ 

4% SE-30 






ion ^ 


ISO c 


■ 

200 C 


Argon/ Methane 

Lfl.nH^i»n Plow 


r 


f u nil / mm 


7U mi/mtn 


60 ml/min 


Pesticide • 


RR 


RR 


RR 


RR 


Trtfluralin 




,r* ■ 
1 11 




0. 57 






U b4 


0*35 


0.49 


PCNB 






0. 49 


0* 63 


f 


w* OS? 


U. oi 


0. 44 


o.go 




n 77 


1 O Q 


0* 49 


0.70 






0 / 


^ 0. 78 


0.83 


AlHrin ' 


1 on * 




1. 00 


1. 00 








1. 2o 


1. 43 




1 




1. 62. 


1.79 






J, lU 


2, 00 


1. 82 






o, UU 


1. 93 


2. 12 






A no 


I. 22 


* 

1*94 


Endrln 


2.93 • ' 


3.56 


2. IB 


2 42 


o,p'*DDT 


3. 16 


2.70 


2.69 


2..)9 


p.p'-DDD 


3,48 


3.75 


2.61 


2,55 


Endosulfan II 


3.5'9 


4.59 


2.25 


2.72 


p,p»-DDT 


4; 18 , 


4.07 


3.50 


3. 12 


Mlrex 


6.1 


3.78 


6.6 


4.79 


Methoxychlor 


7. 6 


6.5 


5.7 


4. GO 


Aldrln 

(Mln absolute) 


3.5- 


2.6 


4.0 


5.6 


^AU columM glass^ 180 cm x 4 mm ID, solid support Cas-Chrom Q (100/120 mesh) 



1 ' . . V 

* r , 



^1 
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lETCITtON TIME M MIROTES 

Fijare 1. Columii Packiiie: 1.5% OV-H ^ 1.35% QM Carrier 6)s: Areon/Mttbane it 60 ni/oiin. 
Colosif lettperatitre: 200 C, Oetector: Electrop Captore, 
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IS . 10 i 

nTCNIIOM TIME IH MINU1ES 

Fi£uie 2. Cotumn Pactiine: 5% OV ZIO. Carrier Gas: Argon/Methane 
at 70 ml/min. Cotumn Temperature: I8D C. Detector: 
Eleciron Capture. 
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nmm m n kinutes 



r\m 3. Column Pacliinj: 6% m + 4% SE-30, Cirrier Gas: *iEDr. 'Hethaii^ at 63 ml/niin, 
Column TcmperatBre: 200 C, Oeteclor: Electron Capture. • 
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RETCKII&II TIME M KINILTES t ^ 

Figure 4. Colyrnfl Packing: 3% 0V*1, Carrier Gas: Argan/Metbane at 7C r,i/m 
Coiufiiii Tentpwatore: 130 C. Detector: V :im Capture. 
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APPENDIX I 



Xin STANDARDIZATION OF FLORISIL 

COLUMN BY WEIGHT ADJUSTMENT 
OASED ON ADSORPTION OF LAURIG 
ACID 

A A rapidznethodfordeterminlngadsorp- 
"tive capacity of Florlsll is based on 
adsorption of laurlc acid from hexane 
* solution. <8) An excess of laxirlc 
acid is used and amount not adsorbed 
iB me:isured by alkali titration. Weight 
of laurlc acid adsorbed is used to cal- 
culate* by simple proportion, equiva- 
lent quantities of Florlsll for batches 
having different adsorptive capacities. 

B Apparatus 

.1 Buret. - 25 ml with 1/10 ml 
graduations. 

2 Erlenmeyer flasks. — 125 ml 
narrow mouth and 25 ml, glass 
stoppered. 

3 Plpet. - 10 and 20 ml transfer. 

4 Volumetric flasks. - 500 ml. 
C Reagents and Solvents 

1 Alcohol, ethyl. - USP or absolute. 
' neutralized to phenolphthaleln, 

2 Hexane. - Distilled from all' glass 
apparatus. 



3 Laurlc acid. — Puri/led, CP. 

4 Laurlc acid solution. - Transfer 
10.000 g lauric acid to 500 nil 
volumetric flask, dissolve In hexane. 
and dilute lo 500 ml {I ml .= 20 -mg). 

5 Phenolphthaleln Indicator. - Dissolve 
1 g in alcohol and dilute to 100 ml. 

6 Sodium hydroxide. — Dissolve 20 g ' 
>;aOH {pellets, reagent -grade) In 
water and dilute to 500 ml <1N). 
Dilute 25 ml IN NaOH to 500 ml 
with water (0. 05N). Standardize as 
follows: Weigh 700-200 mg laurlc 
acid Into 125 ml Erlenmeyer flask. 



Add 50 ml neutrallzect ttbyl alcohol 
and 3 drops phenolphthalein Indl- 
• catov; titrate to perntanent end point. 
Calculate mg laurlc acld/ml 0.05 N 
NaOH (aboirt 10 mg/ml). ~ 

D Procedure 

1 Transfer 2.000 g Florlsil to 25 ml 
glass stoppered Erlcnmeryer flasks. 
Cover loosely v.ith aluminum foU 

and haat overnight at l30Oc. Stopper, 
cool to room temperature, ado 20. 0 
nU l^:uric acid solution (^.00 mg). 
stopper^ and snake o'^casionally for 
15 min. Let adsorbent settle and 
plpet XO. 0 mi of sunematant into 
125 ml TSrlenmeyer flask. Avoid 
Inclusion of any Flcoril. 

2 Add 50 nU neutra* alcohol and 3 drops 
Indicator solution; tftrite vlth O.'OoN 
to a permar.ejir end ciiint. 

E Calculation of Laurlc Acii Vdiue and 
Adjustment of Column Weight 

1 Calculate amouni f laur aviu 
adsorbed on tloiisll as follows: 
Laurlc Acid value « mg Ir.urlc acld/g 
Florlsll = 200 - {inl required for 
titration X mg laurlc acid/ jU 

0. 05rJ NaOH). 

2 To obtain an equlv. ut qu: ntlty of 
dny batch of Florisil. divide 110 
by laurlc acid value for that batch 
and multiply by 20 o. Verify p. ope r 
elutlon of pesticide I'y v*. 

F Test for Proper Elutior. Pauern and 
Recovery of Pesticides: Prepare a lest 
mixture containing aldrln. heptachJor 
epoxide. p.p'-DDE. dlelc-lri. i-'arathlon 
and malathlon. Dleldrin qnd Fferathioj. 
should elute In the 15% eluato; jj- but 
a trace of malathlon in the S0% ?luate 
and the others In the 6% eluate. 
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ELtMENTS OF A QUALITY ASSURANCE PROGRAM 



I WATER QL ALITV DATA 
A Importance 

1 Criteria for derision^ 
a Planning 

b Permit issuance; 
c Compliance 
d Enforrenient 

e Evaluation of treatment processes 
r Research decisions 

2 Effects of decisions 
a Social 

b I^egal 
c Ecoj.omir 
B Requirements for Reliability 
■ 1 Specificity 
2 Accuracy 
li Precision 
C. Elements of Quality Assurance^ 

1 Valid sample 

2 Recognized metfiodology , . 

■i Control of services, instruments, 
equipment and supplies 

4 Quality analytical performance 

5 Efficient data handling and reporting 



D Documentation System' ' 

1 Complete and perriianent records must 
be kept by all field and laboratory 
pei'sonnel* 

2 Any procedures undertaken as quality 
checks should also be recorded, dated 

* and signed, 

•i The rcjsults of any quality checks should 
be recdrdefl, <dated and signed. 

4 Any checks by outside service personnel 
should be recorded* dated* and signed: 

E Quality Assurance Control Coordinator(2) 

1 Overall responsibility for program: 
development, implementaiion, administration 

2 Oantinuing assessroetit of level of operations 

'i Identification of training needs ^d provi- 
sion to accomplish 

4 Coordinator for .nter-laboratory qijality 
control programs 



ir saa;ple 

A Validityt^. 4. 5. 6) 

1 Repnesentative 

2 I'roperly collected 

3 Clean, appropriate containers 

4 Approved preservation measures 

5 Analytical checks on containers and 
preservatives 



6 Holding times observed 



Cn. MET. ron. 9. 1 1. 7 7 
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B integrity ^^'''^ 

1 Written procedures for all aspects 
of sample handling 

2 Field labels, records, seal 

3 Appropriate transport to laboratory 

4 Logging in system 

" 5 Appropriate strrage conditions and^' 
holding time 

6 System for distribution for analysis 

7 System for storage or discard 

8 System for chain-of-custody documen- 
tation 

III RECOGNIZED METHODOLOGY 
A Need for Standardization 

1 Within one laboratory 

2 Between cooperating laboratories 

3 Users of common data.bank 
■4 Nation-wide requirements 

B Criteria for Selection 

1 Specificity with accuracy and 
precision 

2 Validity established by sufficient 
use and evaluation 

3 Equipment and skill requirements 
normally available 

4 Time requirement reasonable 
(J Sources ' 

.1 Annual. Book of ASTM Standards* 

2 Standard Methods for the Examination 
of Water and Wastewater^^^ 



3 Methods for Chemical Aralysis of Water 
and V.HS!. .-,^6) 

4 U.S. Geological Survey Techniques of 
Water Resources Inventory^^^ 



5 Others 



D Comnionly-'Jsed Types' 

1 Various sample- treatments (filtration, 
digestion, etc.) ' , - 

2 Electrode-meters 

3 General analytical methods 
a Volumetric analysis 

b Gravimetric procedures 
c Combustion 

4 Photometric methods 
a Atomic absorption 
b Flame emission 

c Colorimetry 

5 Gas chromatography 

E Selection on Basis of Use of Data 

1 Compliance monitoring 

a National PoUutant Discharge 
Elimination System and State 
Certiflcations<10) 

1) Use of alternate procedures 

2) Procedures for noo-listed 
parameters 

b National Interim Primary Drinking -Water 
• Regulations^* 

1) Use oi alternate procedures 

2) Procedures for non -listed 
parameters •» 



is: 



2 Starte monitoring programs^ 

a Fixed station ambient monitoring 
- b Intensive survey programs 
•i Local regulsttions 

4 Pre-survey field investigations 

5 Control of treatment processes 
F L'sing llccognizcd proceriures 

1 Written stcp>by-step laboratory 
manuals 

2 Strict adhorencf u, t-fh r.-n i- s >un:e 
•i Record of modiin ;itt(jn> ;ui<i '.\h\ 

C Field Kits 

I Shortcomings 
' 2 Uses 

IV CONTROL OF services; INSTRUMENTS. 
EQUIPMENT AND SUPPUES^^' 

A Services 

1 Distilled wator 

a Ammoni^frtee 

7' 

b Carbon dioxide-free 
c lon-freo 

ci Low organic background 

2 C"ompressed air 
a Dry 

b f;il-free 

c contaniinant^ 



i Electrical service j 

a Adequate voltage 

b Constant voltage 

c Af»propriate grounding 

d Efficient lighting 

B Instruments 

Applicable to laboratory and field instruments; 
and, as possible, fixed continuous monitoring 
devices. 

1 Written requirements for daily warm up, 
standardization, calibration, and/or 
optimization prorodurcs. 

2 Standards available to perform daily check 
procedures. Some examples: 

a Standardized weights 

- b Certified thermometer 

c Filter (,or solution) for wavelength 
alignment check 

d Standard reference materials with 
standard absorption curves 

e Standard resistor 

f Calibration solutions (buffers, con- 
ductivity or turbidity standards) 

g Parameter standards to establish or 
to check calibration i^urves 

h Radioactive standards with date 
and count 

■i Written trouble-shooting procedures 

4 Schedule for required replacement or 
cleaning procedures 

5 Schedule for check and/or adjustments 
by service personnel 
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C Laboratory Equipment 

1 Great variety 

a Of materials (glass* plastic, 
porcelain, etc. ) 

b Of grades ' 

c Of acvTuracy in cnlibrfftion 

d Of specific properties* 

e Of unique construction 

2 Selection depends on function 

a Measurement and delivery of 
volumes require varying 
degrees of accuracy. 

b Storage of reagents and solutions 
necessitates comprsition cmsider- 
atinns such as: 

1) Polyethylene bottles for solu- 
tions of borpn. silica and 
alkali 



2) Glass containers 



for ^1 



rganics 



3) Brown glass for light-sensitive 
solutions 

c Confinement of reactions may 
present special requirements 
such as* 

1) Ground gl»ss joints ' ^ ■ 

2) Teflon plugs 

3) Special resistance to thermal 
shock » 

4) Impervious to digestion 
"conditions 

^> 

d Volumetric analyses involve: 

1) Very accurately calil$rated 
. glassware / 

2} Consideration of the temper atuare 
at which the apparatus was 
calibrated 



- e Other laboratory operations like 

filtration, ion exchange* absorption 
and extractions may require specialized 
construction like fritted ware which nas' 
pressure and th«rmbl shock limits, r 

3 Cleaning procedures 

a Basis of selection 

1) Appropriate for the composition 
material 

2) Appropriate for materials to be 
removed 

3) Appropriate for subsequc'nt use - 
(Avoid introducing contaminants) 

b Definite program 

. . . r- 

1} Standardized, consistent, 
~ mandatory 

2) Analytical checks on effectl^ness 

D Laboratory Supplies - Reagents* Solvents 
and Gases^ 

J 

1 Required purity depends on: 
a What is measured 

b Sensitivity of method 

c Specificity of detection system 

2 General guides . * ' ' 

If purity is not ^specified in the method, 
some general guides are: 

a General 'inorganic analyses. , 

1) Analytical reagent (AR) grade^ • 
chemicals, except use primary 
standard grade for standardizing -\ 
solutions. 

2y Distilled wdter and solvents fre^ 
of constituent 

t 

3) Commercial grade gaaes 
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b Metals .analyses by flame 

1) Spectroquality i:hemicals for 
standards 

2) Spectroqualitjr recommended 
for other reagents and solvents, 
though analytical reagent grade 
may be satisfactory. 

1) Acids i^hoald be distilled in 
«lass. 

4) iX' ionized distilled water. 

■ Jj) Commercial grade or laboratory- 
supplied gases 

c Radiological analyses 

. I) ■ SrintiUjition grade reagents and 
solvents 

2) High purity, extra dry gases 

' *' "w'ith^low radioactive background 



" d Orga<iic analyses ' 

1) Reference grade when available, 
AR at minimum 

2) For gas chromatography (GO, 
various detectors require absunce 
of certain classes of'compounds, 
and may necessitate treatment 

of chemicals. 

3) Pesticide quality solvents 
For GC, check assay, 

4) TVrJc of detector affects gas 
quality required. Molecular- 
sieve carrier-gas filters rind 
drying tubes arc required on 
combustion gases, 

'i I->rogfam for assuring qujUty 

^ a Written purity requirements 

. accbrrllng to methods utilized 

. > b Date all on receipt. 

c Observu dhc'lt" liTu rut imemjatiuns,- 
Disca»'d date on ronta r 



IDO 



d Observe* appropriate storage 
requirements. / 

*i e Check «issay for possibli; 
interferences- 

f i^un reagent and solvent blanks. 

g As applicable, check .background 
of reagents and solvents. 

h Run method blanks (all reagents 
and solvents) with every series 
of sarnples'or one for every 
nine samples ,S' 

i Definite procedures for limits 
of eirror, clean-up procedures 
or application of correction • 
facto rs 

j Rcplarre gas cylinders at 
iOO-2po psi. 

4 I-'rocedures for removing impurities 
^ a Reorystallization 

b Precipitation 

c; Distillation ' ■ 

d Washing wiLh solvent(s) used in 
analysis 

e Aging (gases) 

f Others 

5 Itoagent and standard solutions 
a Preparation 

1) L'sc of primary standard grade 
chemicals as required 

2) Careful weighing 

' 3) Class A volumetric i?lasswarc 

4) Appropriate quality distilled . 
water or solvent \y 

" l.:ibi-l listing i:onipo .i<l(s), 
« i»nf:entratibn, date f»' prc- 
.) ! 'tinn br disc-am. "p "cparcr 

' ' V ' dilute standards* prcpar-fd 
^ lime of use 
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b Standardization as app^'opriate 

1) Use reliable primary standards, 

2) Restapdar(3ize as required by 
sUbility. 

c Purch&sed solutions 

1) Should 6untaih chemicals 
specified by method- 

2) 'Should be checked for 
accuracy 

d Storage 

1) Clean containers of material 
suitable for solution to be 
stored 

2) Tight-fitting stoppers or 
caps 

3) Safeguards, against £vaporation 
of solvent, adsorption of gases 
and water vapor, effects of 
light or temperature, etc, 

e Signs of deterioration 

1) Discoloration 

2) Formation of precipitates 

3) Significant change in 
concentration (, 

V QUALITY ANALYTICAT. PERFORMANCE^ 
A Skilled Analyst 

1 Appropriate and continuing training 

2 Willingness to follow specified 
procedures 

3 Skilled In manipulation of laboratory 
equipment and techniques required 
in analyses 

4 Understanding of basic principles 
utilized and deslgn.of any instruments 
s/he uses. 



5 Knowledgeable and skilled in performing 
the analyses for which responsible 

6 Precibion and accuracy performance 
acceptable 

S Establishing Analyst Precision 

" Apislicablb except for gas chromato- 
graphy and radiological instrumentation. 

1 Seven replicates of four samples 
covering the concentration range 
of applicability for analysis 

2 Test among routine samples over 

two hours or more in noi'mal operating 
conditions. 

3 Calculate the standard deviation for 
each set. 

4 Compare result to precision statement 
for method in the source of the procedure. 
(It may be stated as % relative standard 
deviation. If so. calculate analyst results 
in this form). 

5 Individual's precision should be better 
than round-robin precision results, 

C Establishing Analyst Accuracy 

Exceptions! gas chromatography and 
radiological instrumentation 

1 Spike set of 7 precision replicates of 
concentration low in applicability range 
to bring final to twice original. 

2 Spike set of 7 precision replicates of 
mid -range concentration to bring final 
to about 75% of upper limit of applica- 
bility.' 

3 Test among routine samples over two 
hours or more in normal operating 
conditions. 

4 Calculate % recovery fc- each set using 
average of results from the precision 
check and the recorded spike amounts. 

5 Compare result to accuracy statement 
for method in the source of the procedure. 
(It may be stated as % bias. i.e.. 

To recovery-100%). 
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6 Individual's accuracy should be 
better than round-robin accuracy 
results. 

D Daily Performance Evaluation 

1 At least two standards ^hiph r o.l : , 
analyzed with a blank to 

- -r— r established standard cu-»i u cjmpa l alilr 
operating conditions) 

2 Some methods requfVe daily preparation 
of a standard curve. 

One of about every 10 lianiples should 
be a duplicntr U'> i in-, k pri t i^utn 
according ui a* i t jrUinlr siarul.iril 
deviation ,or "\. rv]aM<c sul. deviation). 

4 One of about every II; samples should 
bf a spiked saiiTplu to check accuracy 
arj ording to acc eptable % recovery . 
(O:- DiasJ. 

; L 'JtJfu mentation df Ijnily Performance 

1 After 20\sets of duplicate data results 
o^^'UI^'Si^iked saniple results have been ■ 
collected, control charts for precision 
and accuracy, respectively, can be 
constzntcted. 

2 A variety of construction methods is 
available. 

3 Plot succeeding results on the 
appropriate chart. 

•4 Charts document reliab.lity of data. 

5 Charts j .ve signal of out-of-control 
numbers, trends *oward out-of-control 
conditions, improved pci*formance, 
etc. 

F Secondary Checks on Performance' 2) 

1 Quality Control samples are available 
from EPA at no charge for many 
commonly- analyzed constituents, 
llie concentration is provided with 
the sample. These might be run 
every three to six months.. 



2 Run split samples and compare 
results with the other laboratory. 

3 Run performance samples (unknovuis) 
available from EPA at no charge. 

4 Participate in round-robin method and 
performance evaluation studies. 

5 Participate in laboratory evaluation 
programs. A 



VI DATA HANDLING AND HEPO«flNG<l) 

A laboratory must have a program for 
systematic and uniform recording of 
data, and for processing and reporting 
it in proper form for interpretation and 
use. ' 

A The Analytical Value 

1 Correct calculation formulas reduced 
to simplest factors for quick, correct 
calculations. 

2 Provisions for cross-checking calculations 

3 Rounding-off ruleu uniformly applied 

4 SigfKficant figures established for 
each analysis 

■ ■■<: 

B Processing 

1 Determine control chart appi'oach and 
- statistical calculations required for 

quality assurance and report purposes. 

2 Develop rei"rt forms to provide 
complete d'.ta documentation and 
permanent records, and also to 
facilitate data processing. 

a To avoid copying errors, the 
^ number of forms should be minimal. 

C Reporting 

The program for data handling <?hould provide 
data in the form/units required fo- reporting- 
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D Storage 

1 For some types cf data, laboratory 
records must be kept readily available 
to regulatory agencies for. a period of 
time. 

0 

2 A bound notebook or preprinted data 
forms permanently bound provide good 
documentation. 

3 STORET is a system for storage and 
retrieval of water quality data. Jt is 
a State/ Federal coopet'ative activity 
which provides States with direct access 
into the central computer system, 

4 Many agencies have access to local 
Systems for storage and retrieval 
of data. 



-VII- SAFETY CONSIDERATIONS^ 1 3 ) _ 

' • A Laboratory Facilities 

B Emergency Equipment 

C Program for-Health Checks as Required 

D Program for Inventory and Control of 
Toxic^and Hazardous Materials and 
Test Wastes 

E Safety Officer-Responsibilities 



1 


Information 


2 


Planning 


3 


Inspection 


4 


Implementation 


5 


Evaluation 


6 


'•J 

Reports 



HI EPA AQC Coordinators 

A Each of the ten EPA Regions has an 

^ Analytical Quality Control Coordinator. 



1 Implements program tn regional 
laboratory 

2 Maintains relations and serveis as 
source of information for state and 
interstate agencies within the-region 

3 Serves as liason for EPA's Environmental 
Monitoring and Support Laboratory (EMSL). 

B The name, address and telephone number 
of the regional AQC Coordinator can be 
obtained from the EPA Regional Adminis- 
trator's Office ar f rom EPA-EMSL, 
Cincinnati, Ohio 45268. 



IX SUMMARY 

Quality Assurance regarding water quality 
(or any type of) laboratory data requires 
planning, control and checking for every 
phase of'the operation from sainple cbUec-^ 
tion through storage of the data. This out- 
line contains a basic checklist of information 
and items to be considered when developing 
a program to facilitate quality analytical 
performance by laboratoj^y personnel. 

To make the program effective, procedures 
must be written, responsibilities -must be 
clearly defined and assigned, and individuals 
must be accountable* Development and daily 
performance of such a program which meets 
the needs of an individual laboratory (or 
agency) will take time. Considering the 
importance of the data produced, the invest- 
ment in assuring its reliability is a sound 
one. 
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